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NOTATIONS USED IN THIS BOOK 


Symbol 

A 

A. 

A, 

Ah 

At 

a 

Oi 


B.M. 

hr 

C 

c 

c' 

d 

de 

ds 

m 

n 

S.F. 

s 

S, 

T 

t 


Stands for 

Area of the concrete in compression 
Area of steel in compression 
Equivalent area of spiral reinforcements 
Area of concrete in column core 
Area of the steel in tension 
Lever arm 

Lever arm factor i.c., ratio of lever arm of resisting 
couple to the depth *d* or 

Bending Moment 

Breadth of the rib of a T-bcam 

Total compression 

Stress in concrete in compression 

Stress in concrete surrounding steel 

Effective depth 

Inset of compression steel 

Total depth of slab in T-beam 

Modular ratio 

Depth of neutral axis below compression edge 
Neutral axis factor = 

a 

Shear force 
Shear stress 
Bond stress 
Total tension 

Tensile stress in reinforcements 
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NOTATIONS USED IN THIS BOOK 


Symbol 

A 

A. 

A, 

Ah 

At 

a 

Oi 


B.M. 

hr 

C 

c 

c' 

d 

de 

ds 

m 

n 

S.F. 

s 

S, 

T 

t 


Stands for 

Area of the concrete in compression 
Area of steel in compression 
Equivalent area of spiral reinforcements 
Area of concrete in column core 
Area of the steel in tension 
Lever arm 

Lever arm factor i.c., ratio of lever arm of resisting 
couple to the depth *d* or 

Bending Moment 

Breadth of the rib of a T-bcam 

Total compression 

Stress in concrete in compression 

Stress in concrete surrounding steel 

Effective depth 

Inset of compression steel 

Total depth of slab in T-beam 

Modular ratio 

Depth of neutral axis below compression edge 
Neutral axis factor = 

a 

Shear force 
Shear stress 
Bond stress 
Total tension 

Tensile stress in reinforcements 
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Foundations 

l Definition. Foundation is the lowest part of a structure 
which provides a base for the super-structure proper. This term 
includes the portion of the structure below the ground level as well 
as the artificial arrangement of concrete block, piles, raft, grillage 
etc. provided to transmit the loads on the structure including the 
dead weight of the structure itself to the soil below. 

If a steel girder provided in a structure is found to be weak and 
flexible, it can usually be strengthened by suitable means ; if a 
column acting as a load bearing member in a building is found to be 
inadequate, it can be made safe by providing reinforcements or by 
introducing intermediate columns, but if the foundation of a building 
yields and raptures the structure, then little can be done to improve 
the situation. 

1'2 Purpose of Foundation., It is often misunderstood that 
the foundation is provided to support the load of the structure but 
in fact it is a device to transmit the load of the structure to the soil 
below. Foundation is provided for the following four main 
purposes : 

(i) To distribute the weight of the structure over large area so 
as to avoid ov'cr-loading of the soil beneath. 

(n’) To load the sub stratum evenly and thus prevent unequal 
settlement. 

{Hi) To provide a level surface for building operations. 

{iv) To take the structure deep into the groifnd and thus 
increase its stability, preventing overturning. 

1*3 Site Exploration. Before the foundation plans are 
prepared, an investigation of the sub-soil should be made to deter¬ 
mine the character of the underlying material at site. The aim of 
the site exploration is to acquire a general picture of the geology of 
the area. 

1’4 Purpose of Site Exploration. The informations , 
obtained from site exploration are essentially needed for taking the 
blowing decisions: 

(i) To fix the value of the safe bearing capacity of the soil. 

(n) To select an economical yet safe type of foundation. 
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{Hi) To fix the depth upto which the foundation must be taken 
inside the ground. 

(tv) To predict the likely settlement of the selected foundation 
and to make allowance for the same in the design. 

(v) To know the underground water level and if needed, to 
decide upon the method to be adopted to solve the ground water 
problem. 

(vi) To forecast the difficulties which are likely to be encounter* 
ed due (o the nature of the sub-soil, during construction and to take 
advance action in that regard. 

1*5 Methods of Site Exploration. The methods commonly 
adopted for site exploration are : 

(i) Inspection 

(it) Test pits 

(tit) Probing 

(iv) Boring 

(i) Inspection : Inspection of the site is the first step which 
should be taken prior to the design and construction of a structure. 
This includes the study of all neighbouring quarries or cuts made in 
the nearby lareas for construction purposes ; the study of existing 
structures and, if possible, of their foundations. Information gathered 
in respect of other’s experience in making excavation in that locality 
may prove to be of great help. The study of the strata exposed to 
view in the old pits, unlined wells or banks of nallahas in the near 
vicinity may reveal the nature of the soil at different depths. 

The other important informations which can be gathered 
during site inspection are summarised below. 

{i) Whether the ground is soft, hard, marshy, water logged or 
made-up type. 

(it) Classification of soil by visual examination. 

{Hi) Behaviour of the ground during changes in ground water- 
level. Whether the rain water gets drained off or causes flooding of 
site. 

(iv) Whether, there is likelyhood of excessive movement of 
ground ('I’his may be due to unstable site slopes, subsidence due to 
mining or the site being very near, some old drain, pits, well, under-* 
ground working etc). 

(v) Whether the sub-soil water contains sulphates or other 
chemicals in quantities sufficient to cause damage to foundations. 
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(iij Test pit : The best way to ascertain the nature of the sub¬ 
soil strata is to dig a hole and see. The holes which are large 



Fig. 11 

Test pit 

enough to permit the entry of persons for inspection are called ‘Test 
pits’. They may be dug by hand or by excavating equipment. The 
dimensions of its sides largely depend upon the depth upto Avhich ihe 
excavation is to be made. In cohesionless soils, the sides of the test 
pit are sharply sloped. In cohesive soils, at depth below 3 m, bracing 
is required to keep the sides of the pits vertical. They are compara¬ 
tively expensive and hence they are only used for structure having 
shallow foundations (upto 3 metres). 

(ru) Probing : In this method* of exploration, a steel bar of 
25 mm. to 40 mm. in diameter with a pointed end is driven in the 
ground until a hard sub*stratum is met with. The bar is driven 
by allowing it to fall vertically under its own weight or by dro|F 
hammer. At intervals the bar is drawn out and some idea of the 
nature of the soil is obtained by examining the soil sticking to the 
sides of the bar. The method is suitable to be performed in the places 
where the soil is soft like clay, gravel or sand. A rough idea of the 
nature of strata is obtained from the number of blows required to 
drive the rod inside the ground. Experienced workmen engaged in 
execution of the driving operation may be able to judge the .soil 
;at various depths bv reading the way the rod penetrates into the 
ground. This method is not always to be relied upon completely. 
More definite measures should be taken to ascertain the results 
arrived at by this method. 
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(iv) (a) Awgtr boring : The examination of the sub-soil condi¬ 
tions for ordinary buildings to be erected in clayey or sandy sml 

can be best performed by a 
post hole auger. The auger is 
held vertically and is driven 
into the ground by rotating its 
handle by applying leverage. 
The auger is pressed down 
during the process of rotation. 
At every 30 cm. of depth pene¬ 
trated, the auger is taken out 
and the samples of the soils 
are collected separately for 
examination. This method can 
be conveniently used for soil 
penetration upto 15 m. depth. 
The types of augers commonly 
used are shown in Figs. 
(1‘2-1*3). For deeper holes or 
in grounds where gravel, 
boulders, or compact material 
is present this method is not 
adopted. 

(iv) (b) Wash borhtg. For test 
boring , over 3 m. in depth, 
this method can he con¬ 
veniently used. In this 
method a hollow steel pipe 
known as casting-pipe or drive 
pipe is driven into the ground 

for a certain depth. Then a gas pipe usually known as water jet pipe, 
which is shorter in diameter, is lowered into the casing pipe. At its 
upper end, the jet pipe is connected to a water supply system while 
the lower end of the pipe is contracted so as to produce jet action. 
Water under considerable pressure is forced down the gas pipe. 
The hydraulic pressure displaces the material immediately below 
the pipe and the slurry thus formed is forced up through the annular 
space between the two pipes. The slurry is collected and samples 
of material encountered arc obtained by settlement. In this process 
the particles of finer material like clay, loam etc. do not settle easily 
and the larger and heavy particles of the soil may not be brought 
up at all. Moreover, the exact position of a material in the for¬ 
mation cannot be easily located. However the change of straff 
fication can be guessed from the rate of progress as well as the colouir, 
’ of slurry flowing out. Yet the results obtained by wash boring 
process give fairly good information about the nature of the sub-soil 
strata. This method can be adopted in soft to stiff, cohesive soils 
and fine sand. 



Figs. 1-2-1-3 

Different types of augers 
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(*p) (c) Percvssion boring. This method consists of breaking up 
of the sub-strata by repeated blows from a bit or chisel. The material 
thus pulverised is converted 


into slurry by pouring water in 
the bore. At intervals the 
slurry is bailed out of the hole 
and dried for examination. 
This method can be adopted 
in rocks and soils having 
boulders. However this 
method is not recommended 
for loose sand or clayey soils. 

{iv) id) Core drilling. When 
rocks or hard pans are to be 
penetrated for examination, 
core drilling is done to get 
undisturbed sample of the 
formation. In this process a 
hole is made by rotating a 
hollow-steel tube having a 
cutting bit at its base. The 
cutting bit makes an annular 
cut in the strata and leaves a 
cylindcrical core of the 
material in the hollow tube. 
Two types of cutting bits 
are generally used, namely, 
diamond bit and shot bit. 
Diamond bit consists of 
industrial diamonds set in 
the face of the bit and in 
shot bit, chilled shot is used 
as an abrasive to cut the 



Fig .1-4 

Wash boring equipment 


hard pan. When core samples of small diameter are needed, 
diamond bit is preferred. 


1'6 Location of trial pits or bore holes. The location 
and the spacing of trial pits or bone holes for a particular site 
require special consideration. The pits or the bore holes should be 
so located as to give adequate information in respect of changes in 
properties of the underlying strata with depth. The number and 
spacing of the trial pits or bore holes to be adopted for a site will 
depend upon the areas of the plot as well as the type of structure to 
1.0 be built. For a plot of 0*4 hectare we may have one trial pit 
br bore hole near each corner and one in the middle. For smaller 
size of plot and ordinary structure, one trial pit or bore hole ’near 
the centre should be sufficient. The depth of the pit or bore hole 
will depend upon the characteristics of the soil as well as the type 
of structure, its shape, size and loading conditions etc. As a thumb 
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rule, its depth should be one and a half times the probable width of 
the footing or 1*5 m whichever is more. In case of weak soils 
however, the pits or the bore holes should be taken to a depth at 
which the loads can be carried by the soil without undesirable 
settlei^ent. 

V'l*7 Bearing Capacity. The terms bearing value, bearing 
power and bearing capacity are used to designate the ability of sub¬ 
soil to support the load of the structure including other live or dead 
loads on it without yielding. The bearing capacity of a soil 
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Fig. 1-5 

Testing bearing capacity of soil 
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depends upon the characteristics of its particles. The finer the 
particle, the more variable are cohesive and frictional properties 
of the soil and the heavier the unit weight of the soil or lesser the 
voids, greater is its strength to carry loads. The minimum load 
which will cause failure of a foundation is called the ultimate 
bearing power of the soil. The ultimate bearing power of soil as 
obtained from the field test is divided by a factor of safety to get the 
safe bearing capacity of the soil. The factor of safety usually varies 
from 2 to 3 depending upon the nature of soil. Thus, in order to 
ensure the stability of a structure, the soil below the foundation 
should not be loaded so as to exceed the limits of its safe bearing 
capacity. 

1*8 Method of Testing the Bearing Capacity of Soils. 

There are different methods employed for testing the bearing 
capacity of soils. One of the methods in its simplest form consists 
of a timber baulk about 30 cm. square and 1 *25 m. to 2*5 m. long. 
A flat iron plate of 30 cm. x 30 cm. in area and 25 mm. in thickness 
is fixed to the bottom of the baulk with the help of counter-sunk 
screws. The size of the plate for lose and medium compact sandy 
and silty soils should be 60 cm. square. For gravelly and dense 
sandy soils, size of plate may vary from 35 cm. sq. to 75 cm. sq. 
The thickness of plate should in no case be less than 25 mm. A 
trench of suitable size is excavated at the site to a depth at which 
the structure is to rest. The timber baulk is held vertical in the 
trench. A loading platform is constructed on the top of the baulk. 
In order to keep the baulk vertical during the process oT loading, 
four inclined struts are employed. The inclined struts are connected 
to a ‘sliding lit’ iron collar provided near the top of the baulk and 
are prevented from sliding by a system of horizontal struts provided 
at their bases. Two wooden pegs are driven at the bed of the trench 
a little away from the baulk and the exact level difference between 
the top of the pegs and the top of the loading platform is recorded. 
Test load, which usually consists of sand bags, iron bars, rolled steel 
sections etc. is then placed gently on the loading platform. The load 
is allowed to stand until settlement is recorded and the test load is 
then increased, usually by 500 kg. Again* the increased load is 
allowed to stand till there is no settlement and the settlement is 
recorded. This process is repeated till the load on the platform just 
makes the ground yield and there is a sudden sinking of tlie baulk. 
The settlement can be recorded by use of dial gauges or deflecto- 
meters or any other suitable instruments. The load and the corres¬ 
ponding settlements are plotted graphically in the form of a curve. 
The value of load say IF, which causes the curve to bend suddenly 
is noted. 

Then the ultimate bearing capacity of soil 

W 

.. II ..!■ III .. II .. 

Area of the sole plate 
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and the safe bearing capacity of soil 

_ ^ _ 

Area of the sole plate x Factor of safety 


TABLE M 

SAFE BEARING CAPACITY OF DIFFERENT SOILS AS 
RECOMMENDED BY I.S. CODE 


S. No. 

Description of Soils 

Safe Bearing 
capacity in 
kglcm^ 


(a) Rocks 


(/) 

Rocks without laminations and defect such as granite, 
trap etc. 

33 

Hi) 

Laminated rocks without defects such as sand stone, 
limestone etc. 

16-5 

m 

Shattered and broken bed rock and hard shale 
cemented materials etc. 

90 

(iv) 

Soft rock 

4-5 


(6) Non-Cohesive Soils 


(V) 

Compact gravel or sand and gravel 

4-5 

(v/) 

Compact and dry coarse sand 

4-5 

<v//) 

Compact and dry medium sand 

2-5 

(v//0 

Fine dry sand, silt. 

1-5 

(ix) 

Dry and loose gravel, coarse to medium sand or mix¬ 
ture of sand and gravel 

2-5 

(») 

Loose and dry fine sand. 

10 


(c) Cohesive Soils 


ixi) 

Dry soft shale, hard or stiff clay in deep bed 

i 

4-5 

ixii) 

i 

Medium clay which can be readily indented with a 
thumb nail 

2-5 

(Xiii) 

Medium clay and sand clay mixture which can be in¬ 
dented with strong thumb pressure 

1-5 

(afiv) 

Soft clay which can be indented with moderate thumb 
pressure. 

10 

(xv) 

Very soft day which can be penetrated by several 
centimetres with the thumb. 

0-5 
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The above values of safe bearing capacities of soils can be 
increased by an amount equal to the weight of virgin soil removed 
from the ground above the base of foundation. In case of non- 
cohesive soils, the tabulated values of safe bearing capacities should 
be reduced by 50% if the ground water table is above or very near 
the foundation bed. However, if the ground water table is below 
the foundation bed by a distance equal to the width of foundation, 
no reduction will be made in the tabulated figures. 

The bearing capacities of black cotton soil, shrinkable soils, 
made up ground etc. differ from site to site. Detailed site explora¬ 
tion should be carried out to decide the allowable bearing capacity 
of soil for a particular site. In the absence of such investigations it is 
safe to assume the value of safe bearing capacity of such soils as 
0 5 kg/cm*. 

1-9 Methods of Improving the Bearing Capacity of 
Soils. The following methods are generally adopted to improve the 
bearing capacity of soils : 

(1) Increasing the depth of the footing is the simplest method 
of increasing the bearing capacity. The method is restricted in sites 
where the sub-soil water level is much below and deep excavations do 
not increase the cost of the structure disproportionately. 

TABLE 1-2 

SAFE PERMISSIBLE LOAD ON MASONRY 


S.No. 

Description of Masonry 


1 

Brick masonry in 1: 3 cement mortar . 

100 

2 

Brick masonry in 1 : 4 cement mortar . 

88 

3 

Brick masonry in 1: 6 cement mortar . 

50 

4 

Brick masonry in lime motar . 

44 

5 

Ashlar stone masonry in 1 : 3 cement motar . 

170 

6 

Rubble masonry in 1 : 3 cement mortar . 

90 to 110 

7 

Rubble masonry in lime mortar . 

30 to 50 

8 

Cement concrete Af200 (1 : IJ : 3). 

510 

9 

Cement concrete M150 (1:2-4) . 

440 

10 

Cement concrete Mlo6 (1:3:6) . 

280 

11 

Cement concrete (1:4:8). 

110 

12 

LiiYio concfctG ••• 

50 to 75 
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(2) Drainage is a well-known method to improve the bearing 
capacity of certain soils. The drain with open joints arc laid in 
trenches just above the footing base. The sub-soil water is drained 
through the tile drains outside the bearing strata. 

(3) Granular materials, like sand, gravel or crushed stone is 
blended into the natural soil by ramming. The layer of soil thus 
formed is much stronger and is of improved bearing capacity. 

(4) By confining the soil in an enclosed area with the help of 
sheet piles. This method is used with advantage in shallow founda¬ 
tions in sandy soils. 

(5) By driving sand piles. This method is based on the princi¬ 
ple of reducing the void volume of the natural soil. Holes are made 
in the soft soil with the help of wooden piles or other means and then 
sand is filled in the holes and rammed. These are called .sand piles. 
Bearing capacity of soft soil can be appreciably improved by driving 
sand piles at clo.se spacing. 

I’lO Types of Foundations. Foundations can be broadly 
classified into two types, i.p. deep foundations and shallow foundation. 
Pile, cofferdams and caisson fall under the category of deep founda¬ 
tions. Deep foundations are separately described in chapter 2. 

ITl Shallow Foundations. When the foundation is placed 
immediately beneath the lowest part of the super structure, it is 
termed as shallow foundation. The object of this type of foundtion 
is to distril)ute the structural loads over a considerable horizontal 
area near the surface. The various types of foundations which can 
be included under shallow foundation are : 


1. Sj} rea d footings 

2. Grillage foundation 

3 Eccentrically loaded footings 

4. Conlhined footings 

5. Id'at or roft foundation. ' * 

112 Spread Footings. As the name suggests, in case of 
spread lootings, the base of the member transmitting load to the soil 
js made wider so as to distribute the load over wider area. 
Broadly speaking all the type of foundation mentioned above can 
be covered under the term spread. However, froni design and cons¬ 
truction point of view they Itave been treated separately. The vari¬ 
ous footings described under this classification are : 
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(а) Wall footiiigs 

(б) Heinforced concrete footings 
(c) Inverted arch footings 

(cZ) Column footings. 



Fig. r6 ' Fig. r? 

Two and li brick thick (modular bricks) wall footing using standard f 

bricks in metric units If 

{a) Wall footings. It consists of several courses of bricks, thej' 
lowest course being usually twice the breadth of the wall above. Th<^ 

increased base width of the 
wall is achieved by provid¬ 
ing 5 cm. (Jth brick length) 
offset on either side of the 
wall. Thfe depth of each 
courseis usually 10cm (depth 
of one brick). In some cases 
however the bottom courses 
are made 20 cm. (depth of 
two bricks) deep. The foot¬ 
ings of various wall thick¬ 
nesses have been shown in 
Figs. (TO-1*7). In case 
of footings for stone walls 
the size of offset is slightly 
. more than that of the brick 
wall footing. A bed of 
lean concrete of uniform 
thickness is first spread over 
the entire length of the 
wall. For foundations over 



Fig. 1-8 

Stone-wall footing 
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firm soil or compact ground, the concrete bed below the brick wall 
footing may be dispensed with. The depth of lean concrete bed 
is seldom less than 15 era. and its projection on either side of the 
wall base usually varies between 10 cm. t > 15 cm. In any case, the 
depth of the concrete bed should never be less than its projection 
beyond the wall base. The concrete bed provides a plain surface 
upon which the wall footing can be started directly. It not only 
rectifies the inequalities of excavation but also bridges over soft 
patches in the soil below. The design of the brick wall footings and 
the concrete bed block is fully described in Chapter 3. 

(h) Reinforced concrete footings. In places where the walls 
are subjected to relatively heavy loading and the bearing capacity of 
the soil on which the wall footing is to rest is very low, the type of 
footing described above will work out to a massive structure. In such 
cases it is desirable to provide reinforced concrete footing below the 
wall. This appreciably reduces the volume of concrete in the bed 



block and as such proves to be economical. A 8 cm. bed of lean 
concrete Is usually provided below the reinforced concrete footing to 
perform the function of concrete bed block. The reinforced concrete 
footing for a wall is shown in Fig. r9. 

(c) Inverted arch footings. With the advancement in en- 
.gineering technique, inverted arch construction is rarely done these 
days. One of the drawbacks in this type of construction is that the 
egpd piers have to be specially strengthened by buttresses to avoid 
the arch thrust rapturing the pier junction. There is no check to 
the load applied. The advantage of inverted arch construction is 
that in soft soils the depth of foundation is greatly reduced. Inver¬ 
ted arch footing has been shown in Fig. MO. 
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(d) Coluxan footings {Independent footings). An independent 
footing is one which is provided under a column or other similiar 
member for distributing the concentrated loads in the form of 
uniformly distributed load on the soil below. The footing may be 
square, rectangular or circular in plan. Depending upon the load to 
be carried, and the bearing capacity of the soil, independent footing 
may be of brick masonrj', stone masonry, R.C.C., steel grillage etc. 

(i) Footing for brick •pillars. Square footing is the simplest and 
most economical to be provided under pillars, columns or stanchions. 
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The area of the base is calculated by dividing the total load to 
which the pillar is subjected to, by the safe bearing capacity of 
the soil. The desired base width is obtained by means of offsets, 
which run symmetrical alround the pillar. 



(ti) E.C G. column footings. On account of their low bending 
strength, the footings constructed with brick, stone or plain concrete 
require considerable depth to be safe to rarrv heavy loads. The 
depth of plain concrete footing can be appreciably reduced by pro¬ 
viding reinforcements at its base to take up tensile stresses. R.G.G. 



Fig. 113 

Shape and proportion of a column foundation 
monolithic with floor slab 
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column footings may be dircular, rectangular or square in plan. The 
footing is reinforced both ways by means of mild steel bars placed 
at right angles to one another at equal distances apart. 



Fig. 1*14 

Posilion of reinforcements in column in Fig. 1*13 


Hii) Stone pillar footings. This type of footing is similiar in 
construction to the footing for brick pillar. In this construction the 
regular offsets on all the four sides of pillar are of slightly bigger in 
width and depth. 


'/I-13 Grillage Foundations. When heavy structural loads 
from columns, piers or stanchions are required to be transferred to a 
soil of low bearing capacity, grillage foundation is often found to be 
lighter and more economical. This avoids deep excavation and 
provides the necessary area at the base to reduce the intensity of 
pressure. Depending upon the material used in construction grillage 
foundation can be broadly divided in the following two categories. 

(a) Steel grillage 

(b) Timber grillage 

(a) Steel grillage. Steel grillage foundation consists of steel 
beam (R S.J.’s) also known as grillage beqms which are provided 
in single or double tiers. In case of double tier grillage, the top 
tier is laid at right angles to the bottom one. The grillage beams 
of each tier are held in position by 20 mm. ^ spacer bars with 
25 mm. pjpe separators. The beams are suitably spaced so as to 
provide facility for the placing and nodding of concrete between 
them. A minimum clearance of 8 cm. is considered most suitable. 
In any case, the distance between the flanges of the beams should 
not be more than one and a half to two times the flange width with, 
a maximum of 30 cm. If the beams are spaced more distance^part,' 
there is a danger of the concrete filling not acting monolithically 
with the beam, and as such, may result in the failure of the found¬ 
ation. In order to protect the beams against corrosion, a minimum 
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Fig. 115 

Steel grillage foundation 

cover of J 0 cm. is kept on the outer sides of the external beams as 
•well as above the upper flange of the top tier. Cover of concrete 
under the lower beam should not be less than 15 cm. 

Method of conatrudtion. Excavations are carried to the designed 
depth and the bed is well levelled. This foundation bed is covered 
with a layer of rich mixture of concrete not loss than 15 cm. in thick* 
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ness. This is well compacted so as to make the layer of concrete an 
impervious bed. Grillage beams of the designed dimensions are 
then placed on this bed of concrete at specified distance apart using 
separators. The upper surface of the grillage beam flange# is 
brought in a horizontal plane and rich cement grout is then poured 
all round the lower flanges of the beams so as to secure the beams 
to the concrete bed. The concrete is then placed between and 
around the beams. If another tier is required to be provided, it is 
kept at right angles to the already laid tier and the entire space is 
filled with concrete. 

(6) Timber grillage. Where the soil encountered is soft and is 
permanently water-logged building walls can be most economically 
supported by carefully designed timber grillage foundations. This 



Fig. 1-16 

Timber grillage foundation for a wall 

type of foundation can be safely used for light buildings by limiting 
the loading on the soil to 5 5 tonne/m*. In this type of constiuction 
the concrete block usually provided below the wall footing is replaced 
by timber platform. 

The timber platform consists of planks usually 8 cm. to 10 cm. 
in thiclmess, arranged in two layers, one longitudinal and the other 
across the wall extending beyond the footing base by about 45 cm. 
to 60 cm. on either side. In the lowehnost layers, the planks are 
5 cm. to 8 cm. in thickness while in the upper layer they are usually 
8 cm. to 10 cm. thick depending upon the loading and site conditions. 
The two layers of planks are separated by rectangular sections of 
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timber spaced at not more than 38 cm. centre to centre, the depth of 
the sections being O’75 times the width. 



SLCTIOM A-b 



Fig. 1*17 

Grillage foundation for a timber post 

The arrangement of scantlings in case of grillage foundations 
for a column on a timber post is shown in Fig . 1’17 

1*14 Eccentrically Loa ded Footings. As far as practicable, 
the foundation, it may be for a wall or column, is so shaped and pro¬ 
portioned that the centre of gravity of the imposed loads coincide with 
“the c g. of the supporting area of base. However, when walls or 
columris are to be placed close to property lines, the required support¬ 
ing areas of the base cannot be f)laced concentrically with the impos¬ 
ed loads without overlapping the property lines. Hence, different 
methods are adopted to ensure the stability of the wall or column 
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without encroaching the area outside the boundary line of the build* 
ing. Some of the methods are given below : 


lU. 


(t) Offsetting the footings. The footing of a boundary load bear# 
ing wall is so shaped as to have a considerable wider footing with 

regular offsets on the inside while the 
wall face is kept flush with the boun- 
-dary line. As is obvious, the imposed 
load acting on one side of the centre 
of the footing, loads the supporting 
area unequally. The pressure at the 
edge of wall nearest to the point of 
application of imposed load will be 
found to be 


-Pi 




where 
W, = 

h = 
•c = 


total load per unit length 
coming on the supporting area, 
width of the supporting area, 
eccentricity of load or the 
distance between the c g. of the 
load and the c.g. of supporting 
area of base. 



The pressure at the edge of footing farthest from the point of 
application of imposed load will be found to be 



Referring equation (u), we find that if the 




eccentricity 



^2 becomes zero and if e is greater than ~ , the value of will be 

negative and as such the footing will have tension at B. In masonry 
construction excessive tension is not permissible and hence in order 
that the supporting area is fully in compression, the width of footing 
is so adapted that the c.g. of the load falls within the middle third 
of the base. 


(ii) By providing strap footing. Offsetting of the footing is 
desirable in firm soil, while in soft soil and under heavy loading 
conditions, there is danger of the maximum pressure on the outer 
edge of the footing exceeding the bearing capacity of soil. In such 
circumstances, the load from the outer column is balanced by the 
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Fig. 119 

Sectional elevation and plan of steel grillage strap 

footing 



PV.A.N PI_A.N 

Fig. > -20 

R.C.C. Strap footing 
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load freon the inner column through a cantilever beam acting about 
a fulcrum. Cantilever or strap footing may be constructed in rein** 
forced concrete, or steel grillage. In case, the interior column cannot 
be provided, a suitable concrete block may be built to provide the 
necessary anchorage. The value of the weight of concrete block can 
be obtained by simple principle of lever. Referring to Fig. 1’21, 
we find that: 



Fig. 1-21 

and the reaction at the fulcrum is given by ; 

1* 15 Combined Footings. A combined footing is so pro¬ 
portioned that the centre of gravity of the supporting area is in line 
with the c.g. of the two column loads. A combined footing may be 
rectangular nr trapezoidal in shape. Rectangular shape is only 



Fig. 1-22 Fig. 1-23 

Combined rectangular footing Combined trapezoidal footing 


possible where loading condition is such that either the two columns 
arc equally loaded or the interior column carries greater load. 
Trapezoidal shaped footing can be possible under any condition of 
loading. 




; Fig. 1-24 

Different types of raft foundations 

g • I 

Raft foundation. In made-up ground, soft clay or 
marshy site having a low value of its bearing power, heavy concen 
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trated structural loads are generally supported by providing raft 
foundation. Also if the structure is liable to subsidence on account 
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Fig. 1-25 
Raft foundation 

of its being located in mining area or due to uncertain behaviour of 
its sub-soil water condition, raft foundation should be preferred. It 
provides an economical solution to difficult site conditions, where 
pile foundation cannot be used advantageonsly and independent 
column footing becomes impracticable. 

Raft foundation consists of thick reinforced concrete slab cover¬ 
ing the entire area of the bottom of the structure like a floor. The 
slab is reinforced with bars running at right angles to each other 
both near bottom and top face of the slab. Sometimes it is necessary 
to carry the excessive column load by an arrangement of inverted 
mam beams and secondary beams, cast monolithically with the 
raft slab. 

Method of construction. The raft slab generally projects for a 
distance of 30 cm. to 45 cm. on all the sides of the outer walls of the 
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Structure and as such the area of excavation is slightly more than 
the area of the structure itself. The excavation is made to the 
required depth and the entire excavated area is well consolidated, 
water being liberally used during the process of consolidation. This 
surface when dry, provides the base upon which the raft slab is laid. 
All the precautions that are necessary to be observed during the 
reinforced concrete construction are strictly adhered to and 
further construction is started only after the curing of the raft has 
been fully done. 

1T7 Foundations in Black Cotton Soil. Construction on 
black cotton soil, commonly known as a shrinkable soil has always 
been a difficult problem for the engineers. Inspite of many precau* 
tions, the structure built on black cotton soil cracks terribly without 
any warning. In India, about 16% of the land comprises black 
cotton soil and this type of soil is found in many other countries of' 
the world. 

Black cotton soil is dangerous for the buildings on account of 
its volumetric changes with the change of atmospheric conditions. 
It swells excessively when wet and shrinks excessively when dry. 
Black cotton soil has thus a great affinity for water. This tendency 
of soils is on account of the presence of fine clay particles which swell 
when they come in contact with water. The differential settlement 
of the structure, caused by the movement of the ground on account 
of alternate swelling and .shrinkage, results in formation of cracks. 
The cracks thus formed are sometimes 15 to 20 cm. wide and 2'5 to 
4 m. deep. 

1'18 Precautions for the Safety of Foundations in Black 
Cotton Soil. The following precautions are generally adopted 
while building structures on black cotton soil : 


(1) To limit the loads on the soil to 5*5 Tonne/m®. If water is 
liable to find an access to the foundations, the limit of loading should 
then be restricted to 4900 kg./m* 

(2) To take the foundation to such depths where the cracks 
cease to extend. The minimum depth of foundation should be at 
least 1 -5 m. 

(3) To provide reinforced concrete ties or bands abound the 
main walls of the building. The R.G.C. ties or band which may be 
10 cm. to 15 cm. deep should be placed at plinth level, lintel level 
and eaves level. In case of flat roof, the R.C.G. slab itself acts as 
a tic and as such no extra band need be provided near the roof in 

* such cases. 

(4) If the depth of black cotton strip above given ground is 
only 1 to 2 m., the entire soil above the hard bed may be completely 
removed and the foundation laid on the hard bed below. 
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(5) If the depth of cracks is great, say 3 to 4 m., R.C.C. piles 
may be provided below the concrete bed block. 



Fig. 1-26 

Foundation in black cotton soil showing R.C.C. band at plinth-level 

(6) In important structures, raft foundation should be provided 
so as to float the building on the bed below, quite independent of 
the surrounding soil. 

(7) To prevent the intimate contact of black cotton soil with 
the parts of the structure by digging trenches on either side of the 
foundation and filling them with granular material like sand or 
xnoorum. 

(8) For less important structures like* compound walls etc., the 
foundations should preferably be taken, at least 15 cm. below the 
depth at which cracks disappear. 

(9) In case of ordinary buildings, the foundation should be' 
taken at least 30 cm. deeper than the depth where the cracks stop. | 

(10) The bed of foundation trench should be made firm or hard* 
'by ramming it well. On the rammed bed a 30 cm. layer of good* 
hard moorum should be spread in layers of 15 cm. each layer being; 
well watered and rammed before laying the next layer.* On this! 
layer either a stone or sand bed should be raised to the desiredi 
height to rest the foundation concrete bed block upon it. 
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(11) The masonry for the walls should start at least 15 cm> 
below the general ground level. 



Fig. 1-27 

Wall footing resting on piles in black cotton soil 


<12) In case of compound walls or structures of less importance, 
(he width of trench should be atleast 130 cm. ; the width of founda¬ 
tion bed being 100 cm. with 15 cm. wide strip of sand filling on 
either side of foimdation bed. Refer Figs. 1*28 and T29. 

(13) In rase of main walls or load beaiing walls, the trench 
width should preferably be 90 to 120 cm. greater than the width of 
foundation bed block. 

(14) CBRI has developed a new method of providing founda¬ 
tion in black cotton soil by using under-reamed piles. The 
construction of under-reamed piles is briefly discussed below. 

Under reamed piles. Under-reamed pile is a form of short 
pile which is commonly recommended for providing safe and econo- 
; mical foundations in black cotton soil and in other soils having low 
. value of bearing capacity. In this type of foundation ; the structure 
t is anchored to the ground at a depth where ground movement due 
H to changes in moisture content are negligible. The method of 
: construction of under-reamed pile is very simple. 
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MOORUM FILLING 

jisl 100 cm , 1 S | 
lew I ewT 


Fig. 1 28. Foundation in black 
cotton soil with concrete bed block 
resting on sand bed 



Fig. 1*29. Foundation in black 
cotton soil with concerete bed 
block resting on stone bed 


The holes, for casting the piles in the ground, may be bored 
by using hand augers. The diameter of the pile may vary between 
200 to 380 mm and the depth should not normally exceed 3*7 metre. 
In order to increase the bearing capacity and the anchorage of the 
pile, one or more bulbs are formed at it base by enlarging the bore 
hole by a special tool known as under-reaming tool. In normal 
practice the diameter of the bulb is kept 2| times the diameter of the 
pile and the piles are spaced not closer than 2 times the diameter of 
the pile bulb (under-ream). 

• 

After the pile holes are ready for concreting, reinforcement 
cages are lowered in the holes and concrete is poured by use of a 
funnel. In black cotton soil, the capping beams are cast about 
75 mm above the ground so that structure remains independent of 
the ground movement. 

1T9 Pier Foundation. When a heavy building is to be 
situated in sandy soil or soft soil, overlying hard bed at reasonable 
depth, pier foundations are sometimp<! used to transfer the load of the 
building to the hard bed below. This method consists in sinking 
vertical shafts up to hard bed and filling them with concrete. 
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The diameter of the shaft and their centre to centre spacing 
depend upon the loading condition, nature of soil and depth at 



which the hard bed is situated. However, in no case the diameter 
or the least horizontal dimension (in case of square or rectangular 
pier) of plain concrete pier should be less than l/12th its height. To 
prevent the side earth from falling in, the inside of the shaft is some¬ 
times lined with timber. The timber lining in removed during 
the lining up of the shait with concrete. The shafts arc connected to 
each-other by a reinforced cement concrete or steel grillage cap. 
The concrete cap is sometimes built in the form of arch. 

1 20 Foundations on Sloping Ground. To avoid sloping 
foundation bed or excessive depth of excavation at the fop end, step¬ 
ped foundation is necessary to be provided in a considerably sloping 
ground. This is achieved by cutting the portion of the foundation 
^trench in steps. The steps should not preferably be more than the 
depth of the concrete bed and each step should be a multiple of the 
depth* of one brick so as to fit in with the brick courses. The lap 
of concrete at each step should never be less than the vertical thick- 
-ncss of the conciete. 










FOUNDATIONS 


29 


In some cases the bottom of the footings of different walls of 
the same structure may be at different levels. The following limita¬ 
tions (as given by I.S.I.) are necessary to be observed in deciding 
the depth of footings in such circumstances. 

(1) The distance between the lower edge of the footing to the 
sloping surface should not be less than 1 m for soils and 60 cm 
for rocks. 

(2) In clayey soils, the line drawn between the lower adjacent 
edge of the upper footing and the upper adjacent edge of the loA?cr 
footing should not have a steeper slope than 2 : 1 (i.e. two hori¬ 
zontal: one vertical). 

(3) In granular soils, the line drawn between the lower adja¬ 
cent edges of adjacent footings should not have a slope steeper than 
2 ; 1 (i.e. one horizontal: one veitical). 


. . . ' ' ' » 



Fig. r31. Elevation of stepped foundation. 



Fig. 1*32. Isometric view of stopped foundation. 


r2|/MacMne foundation. The design of machine foundation 
involves careful study of the vibiation characteristics of the 


I 

i 
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foundation system. Ralevent data required for the design and construc¬ 
tion of the foundation of machine should be obtained from the manu¬ 
facturer of the machine, prior to the start of design unit. All parts 
of machine foundation should be designed for maximum stresses 
due to the worst combination of vertical loads, torque, longitudinal 
and transverse forces, stresses due to temperature variation and the 
foundation dead load. In case, the foundation layout is partly built 
up of beam and column construction, straight bars should be provi¬ 
ded both at top and bottom of the beams and the spacing of the 
stirrups should be cIo.sc. The main foundation block should have 
the designed thickness and should be reinforced both at top and 
bottom ; even if the reinforcements* are not required from design 
considerations. 

The general principles of machine foundation design are given 
below : 

(1) The mass of the foundation block should be adequate to 
absorb vibrations and also to prevent resonance between the machine 
and ihe atJjacent soil. This can be guarded against by increasing 
the weight ot foundation block in proportion to the power of the 
engines. Some authors suggest that ior each break horse power 
of multi-cylinder engines, a minimum of 725 kg weight of foundation 
should be provided for gas engines, 565 kg lor diesel engines and 
225 kg for steam engines. For single cylinder engines, the above 
value should be increased by 40 to 60%. As a thumb rule, the 
weight of the foundation should be at least 2^ times the weight of the 
whole machine. 

(2) To avoid the possibility of differential settlement, the 
foundation should be so dimensioned that the resultant force due 
to the weight of the machine and the weight of the foundation passes 
through the centre of gravity of the base contact area. 

(3) The foundation should be stiff enough to have necessary 
['rigidity, since the slightest deflection of foundation can cause 
-considerable bearing troubles. 

(4) To avoid transmission of vibration from the machine to 
the adjoining parts of the building, a gap should be left alround the 
machine foundation to isolate it from the adjoining parts of the 
building. 

(5) As far as possible, overhanging cantilevers should be avoided. 
Hoyvever in situation, when it is not possible to avoid them, they 

should be designed for strength and rigidity against vibrations. 

; (0) All units of machine foundation should be provided with 

;rcinforcement running both ways along the surface of the concrete 
iblock. The concrete cover to the reinforcement should not bc' less 
than 75 mm at the bottom, 50 mm on sides and 40 mm at the top. 
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In case of foundation for steam turbo-generators, cover for the rein¬ 
forcements at bottom, side arid top of base slab should not be less 
than 100 mm. 

(7) The amount of reinforcement in foundation units should 
not be less than 25 kg/m“ of concrete for impact type or reciprocat- 
ing type of machines ; 50 kg/m® of concrete for rotary type of 
machines and 100 kg/m® of concrete for steam turbo generators. 

(8) M 150 to M 200 grade of concrete can be used in the found¬ 
ations and as far as possible the entire block should be concreted in 
one operation without construction joints. 

1'22 Causes of Failure of Foundations. The causes of 
failure of foundations may be summarised under the following 
heads : 

(1) Unequal settlement of the sub-soil. 

(2) Unequal settlement of masonry. 

(3) Horizontal movement of the soil adjoining the structure. 

(4) Shrinkage due to withdrawal of moisture from the soil 

below the foundation. 

(5) Lateral pressure tending to over-turn the structure. 

(G) Action of atmosphere. 

(7) Lateral escape of the soil below the foundation. 

il) Unequal setthmeni of the auh-soil. Unequal settlement of 
foundation results in dangerous cracks which ultimately lead to the 
destruction of the structure. If the nature of soil and the loading 
conditions arc uniform over the entire site of the building, the 
distribution of pressure can be safely assumed to be uniform and the 
danger of unequal settlement is minimised. In practice, however, 
it is frequently found that different conditions exist under different 
parts of the building. If some portion of a building is higher, the 
soil below the higher portion will be subjected to greater pressure 
than the soil below the lower portion of the building. Or one sec¬ 
tion of a building may rest on rock and the adjacent section on a 
compressible clayey soil. In either of the cases, the soil is subjected 
to unequal settlement, and as such, the pressure on soil should be 
reduced to such a value that the difference in settlement between the 
two portions of structure is reduced to a minimum. In no case 
the pressure on the soil should exceed to safe-hearing capacity of 
soil. Durable material should be used for the construction, so as to 
avoid any danger of the disintegration of the foundations. As ^ar as 
possible, the axis of the load due to structure should be made to 
coincide with the centre of gravity of the foundation bed. By adopt¬ 
ing the said precautions, the danger to structures on acount of 
unequal settlement of sub-soil may be minimised. 
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(2) Unequal aettlemerU of masonry. Mortar used as binding 
material in the masonry construction shrinks and gets compressed 
when loaded excessively before it has fully set. This defect may lead 
to the unequal settlement of masonry, as such, the following measures 
should be adopted to avoid it : 

{i) 1 he consistency of mortar should be such that it may 
provide easy workability. The mortar should neither be 
very lean nor very stiff. 

(it) As far as possible the work of structure should be so 
planned that the masonry is raised to the same uniform 
level throughout. 

(tit) The progress of construction should be such that not rnore 
than 15 m. high masonry is constructed in a day. 

{iv) To enable the mortar to secure its full strength, the whole 
masonry should be properly cured for a period of at least 
10 days. 

(3) Horizontal movement of the soil adjoining the structure. This 
defect is very common in clayed and black cotton soils. Such 
types of shrinkable soils have volumetric changes with the change 
of atmospheric conditions. They swell excessively when wet and 
shrink excessively when dry. The differential settlement caused by 
the movement of the ground on account of alternate swelling and 
shrinkage of soil result in formation of cracks in the structure. The 
following precautions are necessary to be observed to minimise the 
effect of soil movement: 

(i) To limit the loads on the soil to 5’5 Tonnes/m‘. If veater 
is liable to find an access to the foundation, the limit ^of 
load on the soil should be restricted to 4900 kg./m^. 

(ii) To take the foundations to such depths' where the cracks 
cease to extend. 

(»ii) To prevent intimate contact of such soils with the part of 
the structure below ground level. This is achieved by- 
digging trenches on either side of the foundation and 
filling them with granular material like sand or moorum. 
Similarly, a layer of sand or moorum is provided below 
the concrete block, or bottom face of masonry foundation. 

For important structure, R.C.G. raft foundation or pile founda^ 
tion should 1 m used. 

*(4) Shrinhage due to withdrawal of moiature from the soil below 
thefoundationa. The root of an isolated tree generally a^ulres land 
equal to the circumference of a circle whose radius is m^re than the 
height of the tice. In some soils it has been found to cause significant 
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dying effect. The suction of sub*soil moisture by the roots, specially 
in abnormal spells of dry weather, affects the foundation adversely. 
On account of the differential shrinkage below the foundation, cracks 
are produced in the foundations, which can ultimately lead to the 
failure of structure. To avoid the damage due to the trees, certain 
safe distance should always be maintained between the trees and the 
foundations. It is considered reasonable to keep the foundations at 
least the hight {H) of the trees away from mature single tree and 
about rS ^ from rows of trees. For mature trees the minimum 
distance should pre ferably be 15 m and for young trees, the distance 
should be suitably increased. In addition, the foundation of the 
structure should be taken to a depth of at least 90 cm. to minimise 
the cracking action. 

This defect is also liable to occur in structure founded on damp 
soils overlying a band of gravel or ^and or some other porous 
material. An abnormally dry weather may cause the sub-soil water 
level to descend to such a depth that the soil immediately below the 
foundations' may loose its moisture. This will result in formation of 
cracks in the building on account of differential settlement. Pile 
foundations or raft foundations are found to be safe for such places. 

(5) Lateral pressure tending to overturn the structure. This 
defect may be caused by a force which acts on a wall in such a 
way that the wall develops a tendency to tilt or overturn. The force 
may be the thrust due to a sloped roof, or an arch pressure or due to 
a violent storm or the effect of a wide cantilever projection. This 
defect can cause the foundation of the wall to yield due to the entire 
load being concentrated near the foundation edge. In such cases, 
the foundation of the wall should be so shaped and proportioned 
that the necessary conditions of stability are achieved. 

((o) Action of atmosphere. A part of rain water finds its way 
inside the ground. The rain water during its passage downwards 
sometimes brings salt from the surface which react chemically with 
the material of foundation and cause it to* disintegrate. Also if the 
foundation is not taken deeo inside the ground, rain water may 
flow away the soil above the foundation and expose it. The changes 
in the sub-soil water table as a result of seasonal change, result in 
expansion or shrinkage of the soil which causes cracks in founda¬ 
tions. The following precautions are necessary to be observed to 
avoid the danger on this account : 

(i) The foundations should be taken to such a depth that the 
effect of atmosphere will be nullified. 

(it) There should be adequate provision for the drainage of 
the sub-soil water when it rises up and causes danger to the 
foundation. 

(fit) if possible, dense cement concrete, 1:2:4 or stone 
masonry should be adopted in the foundations at sites 
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■where the ground water and soil contain excessive sulphates 
or other injurious compounds. 

The sides of the foundation trenches should be well-filled and 
consolidated. At ground level, the outer surface adjacent to the wall 
should be given a good slope, so as to enable the rain water flow 
away from the wall sides. A 60 cm. to 90 cm. wide plinth protec¬ 
tion serves the purpose more efficiently. 

(7) Lateral escape of the soU below the foundation. This defect 
is liable to occur when the building is situated near a river bank, or 
deep cutting where there is danger of the soft or loose soil below the 
foundation being disturbed. Sheet piles, either of timber or of steel, 
should be driven to confine the soil and avoid the danger. 

1-23 Setting Oat. Before commencement of the excavation 
of trenches for foundation, a setting out plan is prepared on paper. 
The setting out plan is a dimensioned ground floor plan, usually 
drawn to scale of 1 : 50. The plan is fully dimensioned at all breaks 
and openings. One of the methods of laying out is to first mark the 
centre line of the longest outer wall of building by stretching a siring 
between wooden pegs driven at its ends. This serves as the 
reference line for making the centre line of all the walls oF the 
building. The centre line of a wall which is perpendicular to the 
long wall is marked by setting up a right angle. Right angle is set 
up by forming triangles with sides 3, 4 and 5 units long. If we fix 



Fig. 1-33 

Setting out of foundations with the elhp of masonry piers 
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the two sides of the triangle to be 3 m., 4 m. then the hypotenuse 
.^ould be taken 5 m. The dimensions should be set out with a 



Plan showing a corner of a building to illustrate how the 
marks are made on the top of masonry pier in the 
process of setting out of foundations 


steel tape. The alternative method of setting out right angle is by 
the use ot theodolite. The instrument is also helpful in setting out 
acute or obtuse angles. Small right-angled projections are usually 
set out with mason’s square. 

The method of setting out described above is not so reliable for 
important works as there is likelihood of the wooden pegs being 
pulled up or displaced. In an accurate method the centre lines 
of the building walls are carefully laid by means of small nails fixed 
into the heads of the wooden pegs driven at the quoins. In case of 
rectangular buildings, the diagonal from the opposite corners arc 
checked for their equality. Small brick walls, pillars or platforms 
arc constructed 90 cm clear of the proposed foundation trench. The 
platforms are about 15 cm wider than the trench width and are 
plastered at top. The tops of all platforms or pillars should be at 
the same level preferably at plinth or floor level of building. The 
strings arc then stretched over the nails in the pegs and the corres¬ 
ponding lines are marked on the wet plastered platform top by 
pressing the stretch cd string on the plastered surface by a trowel. 
The outside lines of the foundation trench and the plinth lines are 
marked on the wet plastered platform top in the similar manner. 
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Before starting excavation, the strings are stretched between 
the outside lines of the foundation trench marked over the 



Fig. 1-35 

Timbering of deep trench 
in loose soil 


platform top and the cut¬ 
ting lines are marked on 
the ground by lime powder. 
If necessary, the lines may 
be marked by a daghbel or 
pick-axe. 

1'24 Timbering of 
trenches. Timbering of 
trenches also known as shor¬ 
ing consists of a temporary 
arrangement of boardings 
or poling boards, wailings 
and struts provided to 
give support to the sides 
of trench. In case of hard 
soils, where the depth of 
excavation is moderate, 
the sides of trench require 
no support. In firms soils, 
if the depth of trench is 
small, shoring may not be 
necessarry, but in case the 
depth of excavation is more 
it is safe to provide light 
support to check any possi¬ 
bility of the yielding of 
trench sides. As a rule all 
trenches in soil other than 
rock or hard compact soil 
more than 15 m deep should 
be properly shored and 
timbered. Similarly all 


trenches in soft or fissured rock or hard soil and more than 2 m 
deep should be properly shored and timbered. A pair of poling 
boards of size 20 to 25 cm x 4 to 5 cm and length varying with the 
depth of excavation arc struted apart by 10 cm 4* bu»lies or struts, 
and arc spaced at a minimum distance of 1 '8 m along the length of 
trench. Although one strut between two poling boards is sufficient,, 
but sometimes, the site condition may require the use of two struts- 


between boards. 


In stiff clay or moderately firm soils, the support to sides of 
trench can be given by the use of horizontal boarding or wailing. 
The wailing of size 20 to 25 cmx5 lo 7 5 cm is run continuous 
along the length of trench on cither sides and the pair of wailing is 
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poling boards are placed closer, say 90 cm apart and are held by 
wailings. The wailing on either sides is struted apart as shown in 



Fig. 1*42 Implements for excavation. 

(1) Spade (2) Rammer (3) Kassi (4) Boning rod (5) Pick-axe 
(6> Sledge hammer (7) Cane basket (8) Iron-pan (9) Pick-axe 
with flat end (10) Wedge (11) Line and pins (12) Crow-bar. 

Fig. 1*38. In this arrangement, it is assumed that the poling board 
resists the soil pressure and transfer the same to the wailing. The 
wailing acts as a beam between twx> struts and as such it must be of 
sufficient thickness to resist the stresses, safely. 
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In loose soils the poling boards are placed side by side vertically 
and are supported by wailings and struts at intervals as shown in 
Fig- 1'40. In case the nature of soil is such that it cannot stand 
unsupported even for a few cm., horizontal sheeting or boarding is 
necessaiy to be provided. For deep excavations in loose soil, the 
trench is excavated in stepped form so that the foundation trench 
width at the bottom is just sufficient to allow easy workability. The 
trench width is increased towards top. The arrangement of sheeting 
vertical props, struts and runners etc. in such cases is shown in 
Fig. 1-35. 

Complete information regarding the under ground services like 
sewers, electrical conduits, gas mains, water pipe lines etc. passing 
through the site should be available before excavation work is taken 
up. These informations are essentially needed to enable the workman 
engaged in excavation work to take sufficient precautions to prevent 
accident and damage to these services. 

1'25 Implements for Excavation. The common implements 
used for excavation of foundation trenches are shown in Fig. r42. 
These tools are useful for loose, moderately firm or firm soils when 
the depth of foundation is not much. In case of deeper excavation 
or cutting in hard bed like rock etc., explosives and other such 
materials become necessary of this purpose. 

1'26 Excavation for Foundations in Water-logged Sites. 

Digging of foundation trenches in water-logged grounds poses a 
great prolilem for the site engineer. There are variatus methods of 
dealing with the situation which depend upon the depth of excava- 
sion, depth of water table and many other factors. The following 
methods are generally adopted while digging foundation trenches 
in such sites. 



Fig. 1*43 

Dewateriag of foundations by constructing drains. 
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(1) By constructing drains. This method is generally adopted 
in shallow foundation in watcr-logged ground. In this method drains 
of suitable size arc constructed by the sides of the foundation trench. 
The drains collect ground water from the sides and the enclosed area 
and flows it into a shallow pit or sump well. From the sump, the 
water is continuously bailed or pumped out. This is the cheapest 
method of draining excavation and can be easily adopted by use of 
unskilled labour and simple equipment. 

(2) By constructing deep wells. In coarse soils, porous rock or 
in sites where the large quantity of sub-soil water is required to be 
drained out, 30 to 60 cm diameter wells are sometimes constructed at 
6 to 15 m centre all round the site for temporary drainage of the 
ground. The water collected in the wells is pumped out continu* 
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ously. The method can be adopted for depths of excavation upto 
24 m. 

(3) Freezing process. The process is very suitable for excava¬ 
tion in water-logged soils like sand, gravel and silt. It is advantage* 
ously used for deep excavation such as foundation for bridges etc., 
specially when excavation is to be made adjacent to an existing struc¬ 
ture or near some waterways. The process consists in forming a 
sort of cofferdam by freezing the soil round the area to be excavated. 
Freezing pipes encasing smaller diameter inner pipes are sunk about 
one metre centre to centre along the perimeter of the area to be 
excavated. The layout of the pipe should preferably be such that 
the area enclosed is circular in plan. Freezing liquid is then 
supplied to the freezing pipes by a refrigation plant. This makes 
the ground around the pipes to freeze and form a thick solid wall 
of frozen earth round the area to be excavated. This process can 
be used upto 30 m depth of excavation. 

(4) By chemicul consolidation of soil. In this method, the soft 
water-logged soil is converted into a semi-solid mass by forcing 
-chemicals like silicates of soda and calcium chloride into (he soil. 
This method is used in small works. 

(5) Well point system. This is a method of keeping an exca¬ 
vated area dry by intercepting the flow of ground water with pipe 
wells driven deep into the ground. The main components of a well 
point system arc the well, the riser pipe, the header pipe and the 
pump. 

The well point consists of a perforated pipe about 120 cm 
Jong and 4 cm in diameter. This pipe has a ball valve to regulate 
the flow of water and a screen to prevent the mud from entering 
into the pipe. The well point tube is connected to 5 cm to 7 b cm 
diameter pipe known as riser pipe and is sunk into the ground by 
jetting. 

In the process of jetting, water is forced down through the well 
point at the rate of 20 to 25 litres per second. The water jet dis¬ 
lodges the surrounding soil and enables the well point to be sunk to 
the desired depth. After the well point has been sunk to (he 
required depth, the water jet is allowed to run for .some time (to 
ensure washing all sand silt out of the hole) till the return water 
from the whole is quite clean. Thereafter the water jet is elosed and 
the annular space formed around the well point by the jetting action 
of water is filled with coarse sand and gravel to form a filter zone 
around the well point. The filter zone prevents the entry of fine 
particles of the surrounding soil into the well points and avoid 
clogging of well point screen. The filter sand around the well point 
should be filled upto water table. The depth of the hole above the 
water table is filled with tamped clay to act as a clay seal to mini¬ 
mise air getting into the well point through the sand filter. 
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detail of well point 

PlXTURlft 


Fig. 1-45 

Well point system 

'inn points are suitably spaced (normal spacing being 

t, . ^ to enclose the whole area to be excavatea. The 

i riser pipes at their upper ends are conneted to a header pipe which 
ijin turn is connected to a high capacity suction pump. 

After all the well points are installed and connected the sue- 
frtion pump IS put into operation. Due to suction, the ball valve in 
.ithe Well points get closed and the ground water is drawn in through 
l^the well point screen. The water from the well point is sucked up 

Uhrough the riser pipes, flows through the header pipe and U finally 

discharged away from the site of work. 
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This method can be stfccessfully adopted for depth of excava¬ 
tion upto 18 m. Since the suction pump is normally not used to 
lift water above 6 m depth, in deep excavations where it is necessan/ 
to lower water table to a greater depth, multistage system of well 
point is used. A typical example of a two-stage well point system is 
illustrated in Fig. 1*46. 
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(6) By constructing sand drains : ‘ Sand drains prove very 
effective in marshy soils. Soils become marshy by the process of 
deposition of thick layers of clays and silts mixed with organic matter 
by the passage of time. Marshy soil is subject to capillarity and has 
a high pore water pressure. When this type of soil is subjected to 
load, its wet soils are gradually pushed out on cither side and results 
in subsidence of the ground. To avoid this, sand drains are made in 
the ground. The diameter of the sand drains normally varies between 
300 mm to 450 mm and their centre to centre spacing may vary from 
3 to 6 metres. The hole for making the sand drain can be 
made by driving steel pipe castings into the ground. The drain 
holes are driven deeper than the marshy layer possibly upto an 
undcrlving rock or firm base. The marsh in the pipe is removed 
by means of jets. The selected type of sand is then filled into the 
pipe and the pipe is withdrawn leaving a vertical sand pile in the 



Fig. 1-47 
Sand drains 


ground. A thick layer of sand (sand blanket) is spread over the 
entire area to be consolidated. When the sand layer is subjected to 
load, the water from the muck of the marshy soil gets squeezed into 
the vertical sand drains. 

By capillary action the water from the sand drains rises up and 
is fed into the sand blanket from where it can be drained out. The 
•objective of consolidation of soil by this method is to develop 
increased soil resistance to superimposed loads usually consisting of 
earth fills in highway or airport constructions. 

» (7) Electro-Osmosis, Well point system is rendered ineffective 

in very fine sands, silts or clay, because such soils tend to hold the 
water by capillary action and offer great resistance to percolation. 
It has been established that if a direct current is passed through a 
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soil of low permeability, its rate of drainage is greatly increased. 
In the process of Electro Osmosis, steel rods forming the positive 
electrodes are driven into the soil, midway between the well-points, 
which arc made to act as negative electrodes. When electric current 
is passed, the ground water flows towards the negative electrode 
(well-points) and is pumped out. This process requires very 
expensive equipment and hence it is rarely used. 

1*27. Foundation Concrete. The type of concrete and the 
proportion of the ingredients used in its making depend upon the 
nature of the structure, quality of the materials used and the site 
conditions. Since lime is fairly cheap, lime concrete is cemTally used 
for foundations in dry sub-grade. Lime concrete is produced by mix¬ 
ing one cu. metre of wet ground lime mortar with 2 5 cu, metre of 
ballast. The proportion of ingredient in lime mortar may be 
1 lime : 2 sand or 1 lime : 1 surkhi : 1 sand or 1 lime : 2 surkhi. The 
ballast may be of brick, stone or shingle. The maximum size of the 
ballast is generally restricted to 40 mm. 

For moist subgrade with high sub-soil water, usually 1*5 m. 
or less below the foundation level, cement concrete should always 
be used. In such situations the concrete should not be leaner than 
1 : 4 : 8 (1 cement ‘. 4 sand : 8 stone ballast). For less important 
works in dry sub-grade (sub-soil water level below I S m of founda¬ 
tion level) a leaner cement concrete as much as 1 : 8 : 16 may 
be adopted. In general practice however, cement concrete 1:5:10 
is recommended for lean concrete. 

The concrete should be mixed on a clean dry and water-tight 
platform. Concrete should be laid (and not thrown) in layers not 
exceeding 15 cm. in thickness. Each layer should be thoroughly 
rammed and consolidated before the succeeding layer is laid. 

In case of lime concrete, the curing should start (by keeping 
the concrete damp with moist gunny bags, sand etc.) after 24 hours 
of its laying and should be continued for a minimum period of 
7 days. The masonry work over the foundation lime concrete should 
be started only after 7 days. Incase of cement concrete however, 
the masonry work over the foundation concrete may be started after 
48 hours of its laying. The curing of the cement concrete which 
starts 24 hours after its laying is continued along with the masonry 
for at least 10 days. 

1*28. Specification No. 1 

Earth work in excavation for foundation trenches 

1. All foundation pits and trenches shall be dug out to exact 
dimensions as shown on the drawings or as directed by competent 
authority. In firm soil the sides of the foundation trepch shall be 
kept vertical upto a depth of 1 *8 m. from the bottom and for greater 
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depth of excavation, the trench shall be widened by providing 45 cm. 
wide steps on either side for every 1-8 m depth measured from the 
bottom. In soft or loose soil, the sides of the trenches must be sloped 
down or shored up carefully to prevent the earth from the sides 
falling in. 

2. The bed of all foundation trenches shall be dressed perfectly 
level and made firm by watering and ramming. Pit holes and soft 
sports shall be dug out squaie and filled with the concrete of the 
same mixture as the foundation concrete or any other material as 
approved by the competent authority. 

3. It the foundation trenches are dug to depth greater than 
that shown on the drawing or as required by the competent autho¬ 
rity, no earth filling shall be allowed in bringing the foundation bed 
to proper level. 1 he excess depth shall be filled with the concrete 
of the same mixture as the foundation concrete or any other material 
as approved by the competent authority at the cost of the contractor. 

4. Before laying foundation concrete the trenches must be 
inspected and passed by the competent authority. 

5. No material excavated from foundation trenches shall be 
placed within 15 m. or hall the depth of the trench, whichever is 
more, from the outer edge of the trench. 

6. Soon after the concrete and masonry work in the founda¬ 
tions has been completed and measured, the spaces around the 
masonry in trenches shall be cleared of all debris, brick bats, 
mortar dropping etc., and refilled with earth in layers not exceeding 
15 cm. to the original surface of the ground. Each layer of refilled 
earth shall be watered, rammed and consolidated before the succeed¬ 
ing one is laid. 

7. The excavations shall be fenced and marked by red lights 
at night to guard against risk of accidents. 

8. If the work is done by contract, the contractor’s rate shall 
include the following : 

(o) Excavation, including lifting and depositing the earth as 
specified. 

(6) Shoring, pumping or bailing out water keeping the 
excavation free of water during the foundation masonry 
work is in progress. 

(c) Protection and supporting of ^existing services, i.e. pipes, 
water mains, cables etc., coming across during excavation. 

(d) Fencing to guard against accidents. 

, Questions for Revision 

1. What do you understand by the term “Foundation” ? What is the 
purpose of providing foundations ? What are the causes of failure of founda¬ 
tions and what method would you adopt to ensure the stability of the structure ? 
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2. Why is surface exploration necessary ? State the different methods of 
exploration of the sub*soil conditions and describe one of the methods in detail. 

3. Describe a method of determination of the safe-bearing pressure of 
soil at site. What will be the difference in the applicability of the result if the 
soil is (at) clay (6) sand ? 

4. (a) Describe with the help of sketches one method of ascertaining 
“Bearing capacity of soils”. Describe the various methods of improving 
^‘Bearing capacity of soils.” 

(3) What are the characteristics of “Black cotton soil” ? What 
precautions would you take in designing and laying foundations in Black cotton 
^oil ? 


5. (a) What is meant by ‘safe bearing power’ of a soil ? Explain how it 
is determined, by one method. 

(6) Discuss the various methods of constructing foundations in a Black 
cotton soil, 

(c) Sketch the foundation for a brick pillar 45 cm. square carrying 5 
tonne of load on a soil where bearing capacity is 11 tonne/m^. Weight of soil is 
1800 kg-Zm'*^ and the angle of friction is 25“. 

6. What are the characteristics of “Black cotton soil” ? What precau¬ 
tions and measures will you take in designing the foundations of a three-sioreyed 
hospital in such a soil ? Give a typical cross-section of the type of foundation 
you consider best. 

7. Why do building constructed on shrinkable clays get damaged ? 
Describe briefly any two methods adopted to safeguard against this damage in 
new buildings being constructed on such soil. 

8. (a) Describe a method of testing the bearing capacity of a soil. 

(3) What are the minimum and maximum bearing powers of the follow¬ 
ing soils ? 

(/) Black cotton soil. 

(iO Hard moorum. 

(i/i) Compact gravel. 

(/!’) Soft rock. 

9. State the various investigations you would make and the different, 
methods you would adopt for the examination of soils to obtain data for the 
design of foundations. 

What value of safe bearing pressure would you adopt in the following 

cases ? 


(i) Compact clay nearly dry. 

(*i) Compact sand prevented for spreading. 

(Hi) Hard rock. 

10. Name the different types of foundations you recommend under 
different situations and soils. Explain them briefly. 

11. Sketch and explain briefly the various types of footing you consider 
suitable for: 

(a) Isolated R.C.C. column. 

(b) Isolated steel column. 
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(c) Isolated timber column. 

(</) R.C.C. column monolithically founded with the flooring. 

12. (a) What type of foundation would you propose for a multi'Storeyed 
ofiice building in: 

(i) Very soft soil. 

(ii) Black cotton soil. 

Describe briefly. 

13. Trace the principal causes of unequal settlement of structures and 
mention the precautions to be taken to prevent uneven settlement of found¬ 
ations. 


14. Draw neat sketches to explain the following types of foundations: 

(0 Grillage foundations. 

(ci) Raft foundations. 

(■iii) Combined footing for steel stanchion. 

(iV) Combined footing for concrete column. 

(v) Treatment necessary’ for columns or walls carrying unequal loading. 

15. Describe the processor‘setting out’for excavation of the founda¬ 
tion of a three storeyed building. The foundations are required to be taken 
1'8 m. deep inside the ground which may be considered firm. Draw suitable 
sketches to show the necessary procedure. 

16. What are the usual permissible loads on the following soils : 

(a) Alluvial clay. 

(b) Black cotton soil. 

(c) Compact sand. 

(d) Moorum. 

If you were to construct a three-storeyed building on one of these soils ; 
what type of soil foundation would you adopt ? Give reasons. 

17. Write short notes on any three of the following : 

(a) Raft foundation. 

(b) Tyoical footing of a brick wall and an R.C.C. column giving suitable 
dimensions. 

(c) , (d) and (e) from chapters other than foundations. 


18. (a) What is meant by bearing capacity of a soil ? What are the soil 
properties on which the bearing capacity of soil depends ? 

(b) Describe the various methods generally adopted to improve the 
bearing capacity of soils. 

19. What type of foundation would you adopt under a heavy steel 
column over soft soil ? Explain with reasons and make a neat sketch. 


20. (a) A five storeyed building is to be constructed on a site with black 
cottpo soil. What investigations will you carry out before deciding the suitability 
and the choice of the type of foundation to be used ? 
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(6) Explain the method by which you will ascert’iin the bearing capacity 
of the soil after the excavation for the foundation is complete. 


21. Describe different types of foundations used for buildings, load 
beuing masonry walls, abutments and piers of brii^ges. Sketch a suitable 
grillage foundation for a compound column consisting of ICHB 400 mm. x 250 
mm. with flange plates 300 mm. x 18 mm. on each flange and carrying a load 
of 230 tonne. The allowable bearing pressure is IS T/m^. 

22. Briefly describe the methods for dealing with foundations on bad 
soils. Illustrate with neat sketches. 

23. Why are foundations necessary ? Name the various types of founda¬ 
tions used for buildings and bridges, giving brief description of each and its 
suitability. 

24. Give in brief the tests you would carry out for finding the bearing 
capacity of soil at a site for constructing a multi-storeyed building. 

25. (a) Enumerate and explain with sketches the various methods used in 
improving the bearing capacity of soils. 

Of) Write short notes with sketches on ({)Deep and shallow foundations. 



2 

Deep Foundations 


2'1 General. In case the strata of good bearing capacity is 
not available near the ground, the foundations of the stratum has 
to be taken deep with the purpose of attaining a bearing stratum 
which is suitable in all respects. In addition there may be many 
other conditions which may require deep foundations for ensuring 
stability and durability of a structure. For example, the foundation 
for a bridge pier must be placed below the scour depth, although 
suitable bearing stratum may exist at a higher level. The most 
common forms of deep foundations are : 

(а) Piles 

(б) Cofferdams and 
(c) Caissons. 

2*2 Pile Foundations. File foundation is generally used 
when simple spread foundation at a suitable depth is not practical 
either because the stratum of required bearing capacity is at a 
greater depth or steep slopes are encountered. In compressible soil 
or water-logged soil or soil of made-up type, piles are used with 
advantage for providing safe foundation for any type of structure. 
Pile foundation is used for foundation for buildings, trestles, bridges 
and water front installation (piers, docks, etc). In general, pile 
foundation provide a common solution to all difficult foundation site 
problems. 

2*3 Types of Piles. Depending upon their function or use, 
piles may be classified in the following types: 

(») Bearing piles 
(n) Friction piles 
(m) Sheet piles 
(tv) Anchor piles 
(v) Batter piles 
* (vi) Compaction piles 
(vtt) Fender piles 

(t) Bearing piles. Bearing piles are those which arc driven 
into the grounf^ until a hard stratum is reached. Such piles act as 
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pillars, supporting the super-structure and transmitting the load 
down to the level at which it can be safely borne by the ground. 
Thus bearing piles by themselves do not support the load, rather 
they act as a medium to transmit the load from the foundation to the 
resisting sub-stratum. 



Fig. 2'1 Bearing piles 


Fig. 2 2 Friction piles 


(m) Friction piles. When piles are required to be driven at a 
site where the soil is weak or soft to a considerable depth, the load 
carried by a pile ii borne by the friction developed between the sides 
of the pile and the surrounding ground (skin friction). In such 
cases the pile is named as friction or floating pile. Thus friction 
piles are driven in the type of soil whose strength does not increase 
with depth or, where the rate of increase in strength with depth is 
very slow. 

{Hi) Sheetpiles. Sheetpiles differ from bearing or friction 
piles in that they arc rarely u.'ed to furnish vertical support but are 
used to function as retaining walls. Sheet 


piles are used to retain soil that is liable 
to escape laterally when subjected to 
pressure or to enclose the area required 
for some foundation and protect it from 
the action of running water or leakage. 

(iv) Anchor piles. When piles are 
used to provide anchorage against hori¬ 
zontal pull from sheet piling walls or 
other pulling forces, they arc termed as 
anchor piles. 

(w) BaUer piles. When piles are 
driven at an inclination to resist large 
horizontal or inclined forces, the piles are 



.termed as batter piles. 


Fig. 2-3 
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(ri) Compaction piles. When piles ate driven in granular soil 

with the aim of increasing the bearing capacity of the soil, the piles 

are termed as compaction piles. 



(t;M) Fender piles. When the piles are used to protect concrete 
deck or other water front structures, from the abrasion or impact 
that may be caused from the ships or barges (when they are tied up 
at the deck) they arc called fender piles. The fender piles arc 
ordinarily made up of timber. 

2 4 Composition of Piles. Depending upon the material 
used in their manufacture, piles can be broadly classified as : 

(а) Timber piles 

(б) Concrete piles 
(c) Composite piles 
{d) Steel pika 

The piles of various compositions are described below in 
details. 

2*5 Timber Piles. Transmission of load through timber 
piles takes place by the frictional resistance of the ground and the 
pile surface. Since the pile will not have very much strength as a 
long column even if it rests on rock, timber piles are economically 
provided in compressive soils constantly saturated with water, 
•fhe piles arc made from timber obtained from trees like Sal, Teak, 
Deodar, Babul, Khair etc. It has been found that piles made from 
Khair wood can stand action of sea water better and is thus 
commonly used for marine works. Timber piles may be circular 
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or squaie in cross>section. Piles arc driven with the help of pile^ 
driving machine in which a drop 
hammer delivers blows on the pile 
head. To prevent the pile head from 
brooming, an iron ring about 25 mm. 
less in diameter than the pile head is 
provided at the pile top. To facilitate 
driving, the lower, end of the pile is 
pointed and is provided with a cast 
iron conical shoe. Files should not 
be spaced less than 60 cm. centre to 
centre. By driving piles much closer, 
the frictional resistance of the pile is 
destroyed. The best spacing of timber 
piles is 90 cm. centre to centre, Maxi¬ 
mum load on a wooden pile seldom 
exceeds 20 tonne. Piles made from 
sound timber free from any defect or 
disease and driven in the soils which 
are either permanently wet or perma¬ 
nently dry, will remain in good condi¬ 
tion for centuries. But when subjected 
to alternate dry and wet conditions 
on account of variations in ground 
water level, they will soon be decayed. 

It is on this account that tij^i^er 
piles are cut a little below the lowest 
water-mark and capped with concrete, 
steel grillage, stone or timber. If 
timber capping is used, the cap should 
be permanently under water. 

AdvarUages of timber pile : 

(1 ) They are economical. Fig. 2'5 

(2) They can be driven rapidly 
and as such there is great saving in time. 

(3) On accoimt of their elasticity, timber piles can be recom¬ 
mended for sites where piles are likely to be subjected to unusual 
lateral forces. 




V 




Timber piles 


Fig. 2-6 


(4) They do not need heavy machinery and more technical 
supervision. 

Disadvantages of timb‘.r piles : 

(1) Timber piles when used must be cut off below the perma¬ 
nent ground water level to prevent them from decay and thus if the 
water table at a site is at a greater depth, extra cost of excavation 
needed to provide the pile cap will render the choice uneconomical. 
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(2) Timber piles cannot be driven in filled up ground without 
injury and as such they arc not recommended for such sites. 

(3) They arc liable to decay or deteriorate by salt water or 
insects. 

(4) On account of their restricted length, they cannot be used 
for jobs where long piles are needed. 

(5) They have low bearing capacity. 

2*6 Concrete Piles. Concrete piles may be classified as : 

(o) Pre-cast piles 

{b) Cast in place or cast-in-silu piles 

(c) Prestressed concrete piles 

(a) Pre^cast piles. Pre-cast pile may be defined as a reinforced 
concrete pile which is moulded in circular, squai e, rectangular or 



Fig. 2'7 Fig. 2-8 

Pre-cast piles Pre-cast piles supporting 

column footing 

octdgonal form. The piles are cast '^and cured in a casting yard and 
then transported to the site for driving. In case space is available, 
pile can also be cast and cured near the site of works. When 
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required they are driven in the similar manner as timber piles witfeV 
the help of pile drivers. The diameter of the piles varies from 38" 
cm. to 64 cm. and their length varies from 4*5 m. to 30 m. 


The function of reinforcement in a pre-cast pile is to resist the 
stresses produced on account of its handling, driving and the loading 


which the pile is finally expected 
to receive. Longitudinal reinforce¬ 
ment usually consists of a bar 
20 mm. to 50 mm. in diameter at 
each angle of the section of the 
pile. The vertical rods are tied 
horizontally by bars 6 nun. in 
diameter. The horizontal bars 
may be provided in the form of 
stirrups or wound spirally round 
the verticals. For lengths of ap¬ 
proximately 90 cm. at head and toe 
the spacing of the stirrups should 
be 8 cm. c/c. Circular piles are 
seldom tapered but when tapering 
of the piles becomes necessary due 
to site conditions, their length is 
restricted to 12 m. 

(6) Cast-in-situ piles. Cast-in- 
situ piles are those piles which 
are cast in position inside the 
ground. Since the pile is not sub¬ 
jected to handling or driving stres¬ 
ses, it is not necessary to reinforce 
the pile in ordinary cases or in 
places where the pile is completely 
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Fig. 2*9 

Cast-in-situ piles for column footing 


submerged in the soil. Reinforcements are necessary to be provided 
in a cast-in-situ pile, when the pile acts as a column and is subjected 
to lateral forces.. Cast-in-situ piles can be divided into two types. 
In one the metallic shell of the pile is permanently left in place inside 
the ground along with the core while in the other'type the outer shell 
is withdrawn. 


2'7 Concrete Piles Compared with Timber Piles. 

Advantages of c/onerete piles : 

(1) Durability of concrete piles is independent of the ground 
water level. 

(2) On account of their larger size and greater bearing power, 
the number of piles required for supporting the structure is muchless. 

(3) They can be cast to any length, size or shape. 
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(4) They can be used for marine work without any treatment. 

(5) The material required for their manufacture is easily 
obtainable. 

(6) Concrete piles can be monolithically bonded into pile cap 
or a grillage base while in wooden piles the bond between the pile 
and the pile cap is not perfect. 

Disadvantages of concrete piles : 

(1) They cost much more than timber piles. 

(2) They cannot be driven as rapidly as timber piles. 

(3) Concrete piles require elaborate technical supervision and 
heavy driving machines. 

(4) They must be reinforced to withstand handling stresses. 

2*8 Types of Gast-Sn-situ Piles. The names of the various 
types of commonly used cast-in-situ piles arc : 

(o) Simplex pile 

(6) Franki pile 

(c) Vibro pile 

(d) Vibro-expanded pile 

(c) Raymond pile 

(f) Mac Arthur pile 

(a) Simplex pile. This type of pile may be driven through 
soft or hard soil. A steel tube having an internal diameter equal to 
the dia. of the pile and 20 mm. in thickness, is driven into the ground. 
To facilitate the driving of the pile, the steel tube is fitted with a 
detachable steel shoe that completely closes the bottom of the tube. 
When the tube has been driven to the required depth, a charge of 
concrete is poured into the tube and the tube is gradually withdrawn 
leaving the charge of concrete below. Thus by alternately pouring 
the concrete and withdrawing the tube, the pile is constructed to 
its full length. The metallic shoe remains in place and hence a 
new one is needed for each pile. In case the pile is required to be 
reinforced, the reinforcement cage is lowered into the steel tube prior 
to the pouring of concrete. 

(&) Franki pile. This type of pile has an enlarged base and a 
corrugated stem. A steel tube, having its internal diameter equal 
to the diameter of the pile required, is held vertical at the ground 
level with the help of leaders. A charge of concrete is poured at 
its base, filling the bottom 60 cm. to 90 cm. of the tube. The 
charge of concrete is consolidated intp a solid plug by the blows 
of the drop hammer working inside the tube. Then the further 
blows of the hammer on the plug, pull the tube down on account 
of the friction developed between the concrete and the inside surface 
of the tube. When the tube has been driven to the required depth. 
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it is slightly raised and the plug is forced out of the tube by 
hammering. The reinforcement cage is then lowered inside the 



Fig. 2'10 Simplex pile tube driven in position 
Fig. 2*11 Reinforcement cage lowered in the tube 
Fig. 2*12 Completed simplex pile 

tube if needed. Then a fresh charge of concrete is poured and 
rammed well by the drop hammer while the tube is pulled up a 
short distance.* The repeated process produces a series of corruga¬ 
tions on the stem of the pile and the pile is thus completed. 

(c) Vibro pile. This type of pile is best suited for places where 
the ground is soft and offers little resistance to the flow of concrete. 
A steel tube fitted with a cast iron shoe is driven to the required 
depth. There is a water-tight joint between the shoe and the casing 
so that even if the pile is to be driven in waterlogged ground, the 
soil and the sub-soil water cannot find an access in the tube before 
the concreting is done. The reinforcement cage (if needed) is 
lowered in the tube at this stage. The charge of concrete is then 
poured in the tube. The extraction of the tube and the ramming of 
concrete is effected by the upward and downward blows of the 
hammer. The tube is connected to the hammer by extracting links. 
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Fig. 2'13 Concrete plug at pile tube base , 

Fig. 2-14 Concrete plug dragging the pile tube on hammering 
Fig. 2’15 Concrete plug forced out, 

Fig. 2*16 Concrcte'filled in the tube and tube partially withdrawn out 
Fig. 2’17 Completed Franki pile 

During the upward blow of hammer, the tube rises and the concrete 
moves down to fill the space left by the tube. During the downward 
blow, the friction of the tube on concrete tamps it and a corrugated 
surface is formed on the pile. This results in increased friction bet¬ 
ween the pile surface and the surrounding ground. 

“ (d) Vibro-expanded pile. In situations where it is desired to 
have increased frictional resistance between the pile stem and the 
surrounding ground, the surface of a vibro>pile is expanded greatly 
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I Fig. 2-]8-2-24 

Different stages in the construction of a vibro-expanded pile 
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to achieve the object. This increases the bearing resistance of a 
vibro pile. In this process, a steel tube of the required diameter of 
the pile having a detachable cast iron conical shoe at its base, is 
driven to the required depth. A charge of concrete tilling a good 
length of tube is poured and the tube is completely withdrawn leav¬ 
ing the cast iron shoe and the charge of concrete down in the pile 
hole. The tube is fitted with a special flat shoe and once again 
driven in the same hole. The charge of concrete down below gets 
expanded to nearly double its area by this process. If required, 
another charge of concrete is poured and the process repeated. The 
reinforcement cage is lowered in the tube (if needed) and the pile 
completed as usual. The different stages in the construction of a 
vibro-expanded pile are shown in Figs. 218—2*24. 

(e) Raymond pile. This type of pile is constructed in lengths 
varying from 6 to 12 m. The diameter of the pile varies from 40 to 
60 cm. at top and the diameter at its base is slightly smaller, vary¬ 
ing from 20 to 28 cm. so as to give a uniform taper to the pile. The 
thickness of the outer shell depends upon the pile diameter and site 



Fig. 2'25 Mandrel and shell driven in position 

Eig. 2*26 Mandrel taken out 

Fig. 2*27 Completed Raymond pile 




9BBP VOtmBAtRmS 


61 


conditions. The thin steel shell is reinforced with hard drawn wire 
spiral spaced at 8 cm. centre to centre. The shell is closed at the 
bottom with a steel boot. The shell is placed over a collapsible 
mandrel having the same taper as the pile and both are driven to the 
desired depth. The mandrel is then withdrawn leaving the shell in 
the ground. The shell is gradually filled with concrete. This forms 
a Raymond pile. The function of shell outside the concrete core is 
to prevent the adjoining soil and the sub-soil water coming in contact 
with fresh concrete. 

(/) MacArtbnr pedestal pile. In this type of pile the appa¬ 
ratus consists of an outer casting (a hollow steel pipe) and an inner 
core. The bottom of the core is of such a size that it completely 
closes the open base of the casting when inserted inside. The core 
and the casting are together driven into the ground to the required 
depth. The core is removed and a charge of concrete is poured in 
the casting. The core is replaced in the casting, so that it is in con- 





Fig. 2-28-2-32 

MacArthur pedestal pile in different stages of construction 
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tact with the concrete. The casting is then pulled up a short distance 
of 60 cm. to 90 cm. and on account of the pressure of the core and 
the hammer, the concrete is rammed out. Again the core is removed, 
another charge of concrete poured and the operation repeated. 
When the bulb at the base has been formed to the required area, the 
casting is gradually withdrawn after filling with concrete so as to 
form a stem of constant diameter. If desired, the pile can also be 
reinforced, 

2'9 Drilled Piles. This is a recent development in founda¬ 
tion engineering. This development owes its origin to the manufac¬ 
ture ot large mechanical augers, capable of drilling holes up to 
about 160 cm. in diameter. In normal practice, however, the 
diameter of the drilled piles docs not exceed 60 cm. In this method 
holes are drilled deep enough so as to penetrate a hard strata of 
required bearing capacity. The holes are then filled with plain or 
reinforced concrete. The holes may be drilled to a uniform diameter 
or they may have an enlarged diameter at the base. In places 
where it is not possible to dewater the pile bore, the piles may be 
drilled under water and concrcic may be placed in position with the 
help of suitable tremie pipes. In cohesive soils drillixig is carried 
out with the help of auger or bucket type drills. Sieel shaft casings 
are used where nced'-d to shut oil' water or keep the soil out of the 
pile holes. In such cases, the casing is gradually withdrawn as con¬ 
creting proceeds. 


2 10 Prestressed Concrete Piles. The biggest disadvant¬ 
age of precast piles is their great weight. The precast pile is rein<« 
forced to take care of the handling and driving stresses rather than 
to strengthen the pile to act as a column. In some cases the handl¬ 
ing stresses are anticipated to be so severe that the pile has to be lifted 
at a number of points (In normal practice the pile has to be lifted at 
two points only) to be able to withstand the handling stresses. 


With the introduction of pre-stressed concrete piles, it has been 
possible to make pre-cast piles which are lesser in weight and can be 
lifted from one or at the most two points. The weight of very large 
pile is reduced by casting 200 mm. to 300 mm, diameter voids in 
them. The voids are formed by casting 200 mm, to 300 mm. diameter 
fibre tubes inside the piles at the time of concreting. In casting 
pre-stressed concrete piles, the pre-tensioning cables required for each 
pile are subjected to the required pull (tension) in the casting bed. 
TTie fibre tube for forming void in the pile (if needed) is securely 
held In position inside the formwork and the piles are concreted in a 
row. 'Hie casting bed can be made to accommodate 2 to 5 lines 
of piles 120 to 150 metre long. Prestressed piles are provided with 
lifting hooks at jth of the pile length from each end. 
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In general, square pre*stressed concrete piles of length 50 times 
the thickness can be handled with a single point pick-up and upto 
60 times with two point pick-up. Piles 500 mm. square and smaller 
arc usually cast solid, whereas pile above 500 mm. square are cast 
'With 200 mm. to 300 mm. diameter cored hole (void). 
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Cross-section of a typical pre-stressed concrete pile 

On account of their reduced weight, prestressed concrete piles 
have definite handling advantage over precast piles and as such 
‘they are getting increasingly popular these davs. When compared 
with reinforced concrete piles, pre-stressed piles have proved to be 
extremely durable in tidal zones and for harbour instalJation.s, where 
the unsupported length of the pile become considerable. Their load 
carrying capacity is high and they arc capable of resisting uplift 
forces and combined moments. In addition they can withstand 
extremely hard driving which may be far more than that which a 
conventional type of reinforced concrete pile can bear. 

2*11 Composite Piles. This is a type of construction ia 
which piles of two different materials are driven one over the other, 
so as to enable them to act together to perform the function of a 
single pile. In such a combination advantage is taken of the good 
qualities of both the materials. Composite piles prove economical as 
‘they permit the utilization of the great corrosion resistance property 
of one material with the cheapness or strength of the other. 

The different stages in the construction of a composite pile 
‘having a timber pile at its lower part and pre-cast concrete pile 
above is shown in Figs. 2*34 to 2*37. This type of composite pile is 
used with the object of reducing the cost of the pile. 

Another type of composite pile commonly used consists of a 
steel pipe or H-pile at the bottom and cast-in-situ concrete pile 
-at the top. This type of composite pile is recommended in cases 
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Figs. 2-34 to 2*37 

Different stages in the construction of composite pile 


where the designed length of the pile works out to be greater than 
that available for the cast-in>situ type of pile. 

2’12 Steel Piles. The type of steel piles commonly used 

are : 


(а) H~pilea 

(б) Pipe-piles 

(c) Screw ^Us 

(d) Disc piles 

(a) H-pilca. The use of rolled steel £f-beams to function as 
bearing piles is a comparatively recent development in piling in> 
dustry. i?-piles can withstand large impact stresses developed during 
hand driving. This type of pile has proved to be especially useful 
when the pile is expected to penetrate a rock or through hard sub¬ 
stratum. On account of the smaller cross-sectional area ofthe^ pile, 
it can be driven to the desired depth without jetting, coring or 
adopting other methods of soil displacement. They require less 
storage space and can be handled without much dilSiculty. H-piles 
can be advantageously driven close to an existing structure as they 
produce very small volume of soil displacement. H-piles can be 
securely spliced. Spliced -piles have been driven to a maximum 
depths of 100 m. In situations whare the pilea sue liable to corrode. 
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they are coated with coal tar or some other type of suitable coating 
or they are encased in concrete. The smaller cross-sectional area 
of H-pile make them function less effectively as friction or compaction 
piles. After the piles have been driven to the required depth, the 
pile heads are cut square and a steel plate cap is welded to each pile 
and finally the pile heads are embedded in reinforced concrete pile 
cap. ff-piles are commonly used in the construction of bulkheads, 
trestles, retaining walls, bridges and cofferdams etc, 

{b) Pipe-Piles. Seamless or welded steel pipes are often driven 
to function as end bearing or friction piles. The pipe piles may be 
driven either open ended or 
close ended. When the driving 
end of the pipe is left open, 

(without any driving point) 
it is called open end pile. 

Open ended piles arc usually 
driven to penetrate rock or 
hard pan. As the open ended 
piles are sunk in the ground, 
the soil inside the pipe is 
cleaned out (by means of 
compressed air, water jet etc.) 
simultaneously. When the 
pipes have been driven to 
the required depth, they are 
cleaned from inside and the 
hollow space inside the pipes 
is filled with concrete. 


In case of closed end 
piles, the driving end of each 
pipe is closed by welding a 
conical steel or cast iron shoe 
to the pipe end. In this case 
also, after driving, the hollow 
space inside the pipe is norma- 
lly filled with concrete. The diameter of the pifSes used for piling 
varies from 25 cm to 122 cm and their shell thickness vary from 8 mm 
to 12 mm. The use of pile for depths of 30 m or more is quite 
common. 

(c) Screw piles. A screw pile consists of a cast iron or steel 
shaft of external diameter normally varying from 15 to 30 cm. and 
terminating into a helix or screw base. The pile shaft may be hollow 
or solid. The diameter of the screw at its base varies from 45 cm to 
150 cm. The pile is sunk by screwing the pile down inside the 
ground by use of an electric motor. Screw piles function most efficient¬ 
ly in soft clay or loose sand. In such a ground is it easy to install the 


•A. 

>- 








(.A) 



Cb) 


Fig. 2-38 

(a) Closed end pipe pile 
{b) Open end pipe pile 
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piles and also the large bearing area provided by the screws makes 
the best use of the low bearing capacity of the soil. 



Fig. 2-39 Fig. 2 40 

Different forms of screw piles 


(d) Disc piles. Similar to screw piles a disc pile consists of hollow 
metallic pipe attached with a cast iron disc to its foot so as to 





Section X-X 

Fig. 2*41 
Disc pile 

enlarge the bearing area of the pile. There is a hole at the bottom of 
the pile to permit the water jet pipe to pass through, during the sink¬ 
ing of the pile by jetting. Disc pile can be used only in sandy or soft 
soil which may permit sinking of the pile by water jets. Disc piles arc 
used mostly in marine installations in situations, where the total pene- 
tra'tion of the pile in the ground is not required to be large. 

2*13 Sheet Piles. Sheet piles may be made up of wood, 
concrete or steel. Steel piles are driven side by side into the ground 
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to form a continuous vortical wall for retaining soil. The alignment 
and resistance to thrusts are normally provided by horizontal walers, 
braces or tiebacks. Factors affecting the choice of a particular type 
of pile, include, nature of ground, cost, ease of installation, availabi* 
lity of material, ability to withstand driving, lateral strength and case 
of making connection. Depending upon the material used in their 
manufacture, sheet piles can be divided into the following 
categories : 

(a) Wooien sheet piles 

(b) Pre-cast concrete sheet piles 

(c) Pre-stressei concrete sheet piles 

(d) Steel sheet piles. 

(a) Wooden sheet piles. Wooden sheet piles are made in vari¬ 
ous sizes and forms. The nature of site conditions determine the 
choice of a particular type. In places where excavation is small 
and the ground water problem is not very serious, 5 cmx30 cm or 
10 cmx 30 cm wooden planks arranged in a simple row will serve 
the purpose. If (he water-tightness i.^ required to a great extent 
lapped sheet piling is used. In thi.s case each pile is made up of 
two planks, either spiked or bolted to one another. I'hus if only 
earthen hinks of small height are to be supported, a single or double 
row of planks properly erected will perform the function of sheet 
piling. If complete water tightness is desired or pressure of the 
retained material is large, wakefield or tongue and grooved sheeting 
is generally used. To facilitate the driving of the piles, they are 
usually bevelled at foot. This not only assists driving but also 
prevents bruisings, if the piles encounter hard stratum. 

Wakefield pile. This type of pile is made with three planks, 
5 cm, 8 cm or 10 cm in thickness. The planks are nailed together 
with the middle plank offset forming a tongue on one edge and a 
groove on the other. 



Fig. 2*42 

Sectional pUa of a Wakefield pile 


The planks arc connected by using pair of staggered bolts at 
fl80 cm centre to ceno*e at iarermediate points. The tripple lap 
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Fig. 2-43 

Precast Concrete Piles 


piles prove stronger in 
driving. There is no wast¬ 
age in forming the tongue 
and groove joints and the 
piles have less tendency to 
warp. Timber sheet piles 
have light weight and as 
such the equipment required 
for pile driving is also light. 
This is considered to be an 
important advantage timber 
piles have over piles of 
other material. 

(6) Precast concrete 
sheet piles. Precast con¬ 
crete sheet piles are made in 
square or rectangular cross- 
section and are driven 
similar to wooden piles to 
form a continuous wall. 
The interlock between two 
piles is normally provided 
with the help of tongue and 
groove joint. The tongue 
and groove extend to the full 
length of the piles in most 
of the cases. 


An alternative method of 
providing joint between two 
piles is shown in Fig. 2‘44. 
In this method, after the piles 
are driven to the required 
depth, the joint is grouted 
with cement mortar 1 ; 2 
(I cement: 2 sand). 

* The piles are reinforced 
to avoid formation of cracks 
due to rough handling or 
8hrin)(;age stresses In order to 
reduce the possibility of 



(b) 

Fig. 2*44. Sectional plans of different 
types of precast concrete pi les 
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damage due to driving impact, tlie stirrups should be spaced closely 
near the top and bottom of the piles. The piles are normally bevelled 
at their feet to facilitate tightly close driving of a pile against the 
alredy driven one. 

Reinforced concrete sheet piles are bulky and heavy and as 
such they are gradually being superseded by prestressed concrete 
piles. 

(c) Prestressed concrete sheet piles. On account of the 
numerous advantages the prestressed concrete members have over the 
conventional type of reinforced concrete members, prestressed 
concrete sheet piles are commonly used for sheet piling jobs. Similar 
to concrete sheet piles, they are reinforced on both the faces so that 
they could be handled from either side. They are comparatively 
lighter in weight, more durable and economical in the long run. 
They are advantageously used in sea water, since tbe danger of 
cracking of concrete is negligible and also the corresponding danger 
of corrosion of pile reinforcement is reduced. 



Fig. 2-45 F'S- 2'4.6 

Straight web type of steel Arched web type of steel 

sheet pile sheet pile 

Id) Steel sheet piles. Steel sheet pile is a rolled steel section 
consisting of a plate called the web with integral interlocks on each 
edge. The interlocks consists of a groove, one of whose le^ has been 
suitably flattened. This flattening forms the tonque, which fats into 
the groove of the second sheet. Commonly used sheet piles can be 
broadly divided into the following three categories. 

(а) Straight-weh type 

(б) Shallow or deep arched-web type 
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Figs. 2-47—2-48 

Locking arrangement of different forms of steel sheet piles 


(c) Z web type. 


Special shapes and sizes of steel' 
sheet piles are manufactured for meet¬ 
ing the requirement of junctions and 
other simiiiar situations. Each of the 
above mentioned type of piles is manu¬ 
factured in varying widths and weight. 
The selection of the type of pile and 
the section to be adopted depend upon 
the depths upto which the pile is to be 
sunk, the nature of the soil to be 
penetrated, the elevation of the earthen 
embankment, ground water level etc. 

In general straight-web type of 
piles are used where the piles are 
liable to be subjected to tensile forces 
and interlocking strength is of prime 
importance (cellular cofferdam etc.). 
Arched-web type are used where the 
piles are required to resist bending 
stresses (in cantilever retaining walls 
etc.) and Z-web type of piles are used 




Fig. 2'43 

Z-type of steel sheet pile 


where the piles are required to resist bending stresses of very large 
magnitude. 



Fig. 2 50 
Junction details 

Steel sheet piles are driven with the help of pile drivers which 
may be drop hammer type or single or double acting hammer driven 
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by steam or air. The outstanding feature of steel sheet piles is that 
they can be driycn to greater depths. The continuous interlocking 
arrangement of the piles give strength and rigidity to the supported 
structure. A wall made from properly driven sheet piles, leaks very 
little, hence steel sheet piling is used with advantage in the construc¬ 
tion of deep cofferdams. They are commonly used in coast defence 
works which arc likely to be subjected to tidal action. 


r" 



SECTtO»4 XK. 


Fig. 2-51 

2'14 Comparative Advantages and Disadvantages of 
cast -in-situ and Precast Piles : 

(a) Advantages of cast-in-sitn piles : 

(1) Cast-in-situ piles are cast in exact lengths and as such there 
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is no wastage of time, money and material as is common in precast 
piles. 

(2) They are not subjected to the vibrations due to hammers, 
thus they are sound in construction. 

(3) Cost of transporation of the piles is nil. 

(4) They can be made to bear heavier loads by adopting 
simple methods. (Pedestal pile is an the example for this). 

(5) There is saving in time required for curing, as is necessary 
in case of precast piles. 

(6) Since the strata through which the pile is sunk, is known 
and also the nature of the bearing stratum in the case of end bearing 
pile is known, it is possible to calculate nearly exact load carrying 
capacity of the pile for design accuracy. 

Disadvantages of cast-in-situ piles ; 

(1) They cannot be used under water. 

(2) If the piles are to be reinforced, there is every possibility 
of the reinforcements getting displaced. 

(3) As the concrete has got to be dumped from great heights 
the quality of work is not appreciably good. 

(4) The ramming of the concrete mass cannot be inspected and 
as such there is every possibility of the voids being left, rendering the 
construction unbound. 

(5) In uncased piles, green concrete is liable to loose its water 
by coming into contact with the dry soil and hence it may result in 
making the pile structurally weak. 

(6) Freshly laid concrete in the cast-in-situ pile is more sus¬ 
ceptible to attack by corrosive constituents in the soil and the sub-soil 
water. 

(7) The driving of adjacent piles may rapture shell-less cast in 
place pile on account of the tensile stresses set up in the ground 
during driving. 

(6) Advaidages of precast piles : 

(1) They can be cast well before the commencement of the 
work and as such there can be rapid execution of work. 

(2) Their construction can be well supervi-^ed and any defect 
detected can be rectified before use. 

(3) The reinforcements remain in their proper positions and 
do not get displaced. 

(4) They can be driven under water. 

(5) The driving of adjacent pile cannot produce any adverse 
effect upbn the already driven pile. 

(6) They can be loaded soon after they have been driven to the 
desired depth. 
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Disadvantages of precast piles : 

(1) They arc heavy and hence great difficulty is experienced 
for their handling and transportation. 

(2) The exact length of a pile can rarely be pre-determined and 
as such it has to be lengthened sometimes, rendering the pile weak at 
the joint. 

(3) If a pile is found to be too long after driving, it has got to 
be cut down which involves extra labour, time and expense. 

(4) They are subjected to the driving shocks after the concrete 
has fully set. This may result in unsound construction. 

2T5 Pile Driving. Piles arc driven in the ground by the 
following methods : 

(1) By drop hammer 

(2) By steam hammer 

(5) By water jets 

(4) By boring 



Fig. 2-52 

Drop hammer type of pile driving machine 
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(1) By Drop Hammer. It is a pile driver in which the 
hammer is raised by a rope or steel cable and then allowed to drop 
on the pile cap. The drop hammer type of pile driver essentially 
consist of: 

(1) A solid casting with jaws on each side that fit into the 
guides of the pile driver leads, (n) A pin near the top for attaching 
the hoisting rope, (in) A broad base on which it strikes the pile. 

The driving of pile by drop hammer takes a lot of time and 
thus it is being replaced by steam hammer these days. The weight 
of drop hammer varies from 230 to 1800 kg. The exact weight of 
the drop hammer to be used is governed by the shape and length of 
pile as well as the nature of ground to be penetrated. 

(2) By Steam Hammer. In this type of pile driver the ham¬ 
mer is automatically raised and then dropped a short distance by 
means of a steam cylinder and piston. The frame-work supporting 
the hammer also has pile lifting device. On account of uniform steam 
pressure, the rate of hammer blows on the pile is also uniform. Thus 
the short, uniform and quick blows keep the pile in continuous 
motion. 

There are two types of steam hammer pile drivers : 

{a) Singh acting type. 

(6) Double acting type. 

In single acting type, the hammer is operated by steam pressure 
conveyed from the boiler of the pile driver. The force of each stroke 
depends upon the weight of the hammer and the height of fall. 
Depending upon the steam pressure, the number of blows of the 
hammer varies from 50 to 60 per minute. 

In double acting type, the steam pressure plays its part both in 
the upward and downward movement of the hammer. The number 
of blows in this case varies from 100 to 200 per minute. For small 
size hammers weighing less than a tonne, the number of blov/s per 
minute may be as much as 300. The rapid blows result in quick 
penetration of the pile. Thus there is a great saving of time in the 
execution of the operation. It has many advantages over the single 
acting type ; 

(i) The hammer is light and compact. 

{ii) It requires less room in the leads of the pile driver. 

(Hi) Rapid operation. 

The hammers usually weigh 2000 to 4000 kg. and have a stroke 
length upto 15 m. In case of single-acting steam hammer or drop- 
hammer, the stroke length or length of fall should not exceed T35 m. 
The weight of the hammer should be at least half the weight of the- 
pile. Small number of heavy blows with a small fall should be 
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preferred to large number of light blow with a large fall. During 
the process of driving, the pile head should be protected by a cast 
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Fig. 2*53 

Steel helmet. The helmet is fitted with a timber stub-dolly at its 
top and a cushion or packing of saw dust, coir-mat, coiled hemp 
rope, asbestos fibre or other similiar material is placed between the 
timber dolly and the pile head. The hammer blow is taken on the 
timber dolly. 

Pile Shoes : To facilitate easy penetration in the ground the 
pre-cast pile may be tapered or cast blunt at its lower end or it may 
be provided with pile shoes made up of cast iron, steel or steel plate. 
The most usual type being a cast iron conical shoe attached to the 
concrete by wrought iron straps (Fig. 2'55). For deciding the type 
of shoe, nature of the soil to be penetrated is the guiding factor. 
For driving into soft soil like loose filling vegetable earth, river silt 
etc., the metallic shoe may not be used and the pile cast with a blunt 
end will meet the requirements. This type of pile is shown in 
Fig. 2-54. 

When driving into hard rock or where heavy boulders are 
anticipated, steel tapered shoe having a 7*5 cm. to 10 cm. diameter, 
hardened steel rod projected 15 to 25 cm. is found satisfactory 
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Fig. 2*54 Fig. 2*55 Fig. 2 56 

(refer Fig. 2’56). In all other cases the pile shoe shown in Fig. 2'55 is 
commonly used. 

(3) By water jets. This method of driving piles consists in 
displacing the soil below the shoe of the pile by means of one or 
more jets The jet consists of a 5 to 6 cm. diameter pipe with its 
lower end decreasing in diameter and forming a nozzle of about 
half the diameter of the pipe at top Water is forced through 
the jet pipe under a pressure of 7 to 17 5 kg /sq. cm Precast 
conciete piles which are required to be driven by jetting often 
have the jet pipe cast inside the pile along its axis In other cases the 
jet pipe is not attached to the pile, but it is handled separately. 
The nr7zle of ihe jet pipe is usually kept aliout 15 to 30 cm below 
the pile shoe The jet of water coming out of the noz/le washes 

, the soil below and the pile sinks down into the hollow space Some 
quantity of w'ater from the jet rises along the sides of the pile and 
I helps in reducing the friction between the pile surface and the 
surrounding soil. Thus driving and jetting proceed simultaneously. 
The water jet is stopped a few metre before the pile reaches its 
required de])th and it is driven by hammering for that distance. 

(4) By boring. If the pile is lequired to penetiate beds of hard 
soil, or soft rock, to reach its required depth, driving of the pile by 
boring is an economical solution In dry soils, boring may be done 
by auger while in soft rocks, rotary well drills may be used. The 
bore IS made to the required depth ol the pile. Precast pile is then 
put in th- bore hole In case of continuously stiff soih, cast-in-situ 
piles may be made in the bore hedcs. 

^ 216 Length and Safe Bearing Capacity of Pre>cast Piles. 

The load bearing capacity of pre cast pile depends upon the following 
factors ; 

(t) Nature of surface to be penetrated. 

(ii) Depth of penetration. 
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(n't) The area of cross-section of the pile and its centre to centre 
distance in a group. 

(it?) The manner in which the pile supports the load, i.e. 
whether the pile acts as an end bearing pile or a frictional 
pile or it acts bothways. 

Sometimes even the data of complete soil investigation may not 
be helplul to accurately assess the length and the load bearing capa¬ 
city of a pile. Most reliable design can only be made by driving 
test piles at various sites over the construction site. However, in the 
absence of loading test, or test piles informations, a large number of 
penetration formulae are now available to make a reliable estimation 
of the length and the safe load bearing capacity of a pile. 

2T7 Formula to Find the Length of a Pile. Let the pro¬ 
perties of the soil penetrated be represented by the symbol given 
below : 

Weight of the soil =w kg/cu m. 

Angle of repose of soil 

Co-efficient of friction 


between concrete and soil =/a 
B earing capacity of the soil 
at the foot of the pile —p 

If P be the load bearing capacity of the pile and “7” be its ■ 
depth of penetration, by Rankine’s theory, we have 


P=pX Area of the cross-section of pile Friction 
resistance of the pile 

xA-\-CpX - 2 ' X ftX perimeter of the pile, ...(i) , 

where A =area of cross-section of the pile and » 

(7^,=coefficient of pressure, which is " 

1-4-sin <f» r 

■” 1—sin <f> 


For wet soil <f» may be assumed to vary between 15 to 22’’ and" 
ft between 0-3 to 0’35. ; 

For known values of ft, p, w, A and P, h can be determined < 
by equation [i), 

2T8 Pil« Formula. The commonly used formulae for deier- ' 
mining the load bearing capacity of a pile are given below : 

1. For piles driven by drop hammer 



8 
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In this formula, the safe load on the pile is obtained by divid¬ 
ing P, by a factor of safety which varies between 4 to 6. 

2. Engineering News formulae 

(i) For piles driven by drop hammer 

16 WH 

{ii) For piles driven by steam hammers 


The safe load in this case is obtained by dividing P by a factor 
of safety which is taken as 6. The symbols used above stand for :— 

P = Load bearing capacity of the pile in kilogram. 

W =Weight of a drop hammer or the weight of the striking 
part of a steam hammer in kilogram. 

Weight of the pile, including the weight of all stationary 
parts resting on pile head, in kilogram. 

/i = Free height of fall of drop hammer or the length of the 
stroke of a steam hammer in metres. 

S=Average penetration in metres per blow for last few con¬ 
secutive blows of hammer. 

s=Average penetration in centimetres per blow for last few 
consecutive blow^s of hammer. 

219 Grouping of Piles. It has been observed both theo¬ 
retically and practically that the total bearing value of a group of 
friction piles is less than the product of the load bearing capacity of 
an individual pile multiplied by the number of piles in that group. 
Some reduction takes place on account of the overlapping of the 
zone of stresses in the soil supporting the piles. The magnitude of 
reduction per pile depends on the size and shape of the pile group 
and the size, spacing and length of the individual pile. 

However, in case of end bearing piles where assistance for 
supporting the load by friction is not made u»c of, no such reduction 
takes place. Hence the load bearing capacity of a group of piles in 
cobesionless soils, should be taken as the product of the load bearing 
capacity of an individual pile multiplied by the number of piles in 
^at group. 

2'20 Basic Rules for the Design of Pre cast R.C. Piles 

1, Main reinforcemerU. The area of main longitudinal lein- 
forcement in a pile should not be less than the following values ; 

(i) 1-25 per cent of the gross cross-sectional area of the pile 
for piles of length upto 30 times their least width. 
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(t») 1*5 per cent of the gross cross-sectional area of the pile 
for piles of length between 30 and 40 times their least 
width. 

{Hi) 2 per cent of the gross cross-sectional area of the pile, for 
piles of length upto 40 times their least width. 

2. Lateral reinforcement. Similar to columns, the lateral 
reinforcement in the piles may be provided in the form of links 
made out of m.3. bars of diameter not less than 5 mm. The volume 
of the lateral reinforcement in the body of the pile should not be 
less than 0‘2% of the gross volume of the pile and their c/c spacing 
should not exceed a distance equal to half the least width of the pile. 
The volume of lateral reinforcement at either end of the pile for a 
distance equal to 3 times the least width of the pile should not be less 
than O'6% of the gross volume. 

The transition between the close spacing of the laterals at the 
end of the pile and the wider spacing in the body of the pile should 
be made gradually. If the pile is required to penetrate through 
bard strata, additional reinforcement in the form of helix should he 
provided in the top of the pile for a distance equal to three times the 
least width. 

The longitudinal bars should be held apart by pairs of 12 
mm. to 15 mm. <f> mild steel bars 
known as forks or spreader 
spaced at centre to centre dis¬ 
tance not exceeding 1*5 m. To 
prevent the outward displacement 
of the bars, 6 mm. ^ links should 
also be provided with the sprea¬ 
ders as shown in Fig. 2'57. 

3. Concrete mix. Concrete used should preferably be of 
higher grade than MI50 (1:2: 4). Concrete mix, of M200 (1 : 1^ : 3) 
with well-graded aggregate should be recommended. 

4. Clear cover. The thickness of concrete covering the main 
bars should not be less than 5 cm. In places where the steel is 
liable to corrode say in sea water, the cover should be increased to 
€ cm. 

5. Stripping pile heads. In order to ensure a monolithic 
behaviour of the piles and the pile cap, the concrete from the pile 
heads of the driven piles is stripped and the longitudinal rein¬ 
forcement exposed for a length, sufficient for bonding in the pile 
cap. 
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6. Arrangement of piles. The arrangement of piles and their 
spacing in a group needs a careful consideration. It mainly depends 
upon the sub-soil properties, type of loading and the manner in which 
piles transfer the load to the ground. Close spacing of piles may 
result in reduced bearing capacity of the soil, uneven distribution of 



Fig. 2-58 

loads, heaving or up lifting of the piles, which may hnally lead to the 
settlement of foundations. In order that each pile in a group may 
carry an equal share of load, the centre of gravity of the group 
should coincide with the centre of the superimposed load. The c/c 
distance between any two piles should generally be not less than 
100 cm. 

Example 2T Determine the safe hearing capacity of a pile if a 
drop hammer weighing 2000 kg, and falling through a height of 36 cm. 
results in an average penetration of O S cm. in the last few blows. The 
weight of the pile with all stationary pai is resting on its head may be 
taken as 1500 kg. 

Solution. The load bearing capacity for piles driven by drop 
hammer is given by 



It is given that 

W =2000 kg. 

H—S5 cm. =0*35 m. 
mjj= 1500 kg. 

and 5=0 5 cm.=0‘005 m. 

2000x0 35 

=80000 kg. 
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Using a factor of 4 the safe bearing capacity of the pile 
= = 20000kg. 


Example 2'2 A pre cast reinforcement concrete pile is driven by 
steam Jiammer. The striking part of the hammer weighing 2500 kg. has 
a stroke length of ■75 m which results in an average penetration of 
'3 cm. in the last feio blows of the hammer. It is required to find the 
safe bearing capacity of the pile. 


Solution. The load bearing capacity for piles driven by steam 
hammer is given by 

„ \6WR 
^ “ 5 + 25 

It is given that 

W = 2500 kg. 

// = -75 m. 
s = '3 cm. 

16x2'^0nx-75 
•'3 + '25 
= 54545 kg. 

Using a factor of safety of 6, the safe bearing capacity of the pile 


« = 9090-83 kg. 

2'2i Selection of Type of Pile. Broadly speaking the difHe- 
rent types of piling have been devised to suit different ground 
conditions. Hence the nature of the ground where piling operation 
is to be carried out determines to a large extent the choice of type 
of pile to be used. In addition the other important factors which 
must be considered in this regard are : 


(i) The nature of the structure. 

(it) Loading structure. 

(Hi) Elevation of ground water level w’ith respect to the pile cap. 
(tv) Probable length of pile required. 

(v) Availability of materials and equipment. 

(vi) Factors which may cause deterioration of pile. 

(vii) Probable cost of pile. 

Unless the information about the identities, strength and com<4 
prcssibilitics of the sub-soil stratum is known, it is difficult to deter¬ 
mine as to how the pile will transmit the load to the ground, i.e. 
whether by end-bearing or by skin friction. 
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If the sub-soil consists of silt on alluvium for appreciable depth 
the pile will act as a friction pile. Depending upon the load, suita¬ 
ble pile, such as vibro pile, vibro expended pile or a tapered pile 
may be used. 

In case the ground is very weak or loose and it is intended to 
use a cast-in-situ pile, a casing will be required to prevent the 
inflow of soil into the pile hole. In adverse conditions where the 
ground water flow is strong, pile with permanent casing should be 
used. Alternatively precast piles may be used. 

In case the strata is comparatively firm, uncased cast-in-situ 
pile or precast pile may be selected. Pedestal pile will be more 
effective, where the pedestal can help in reducing the length of a 
pile in firm strata. In situations where it is necessary that the pile 
should penetrate into rock for some depth, H-piles may work out to 
be a good selection. In case the soil is Arm clay, drilled piles with 
or without enlarged base may work out to be an economical choice. 

In case piling is to be done very near to some existing struc¬ 
ture, open ended tube piles on H-pile may work out to be good 
choice. Piles used to support marine structures or structures 
above open water should be precast type. In situation where there 
is possibility of the soil being chemically aggressive, high quality 
precast concrete piles should be selected. The piles should, however 
be suitably treated before driving. Timber piles may work out to 
be economical, if they are used for the foundation of timber trestles, 
structures with moderate loads or if the piles are to be used for pro¬ 
tecting concrete docks etc. 

2*22 Cofferdams. A cofferdam may be defined as a 
temporary structure constructed in a river or a lake or any other 
water-bearing surface for excluding water from a given site to 
enable the building operation to be performed on dry surface. The 
walls of the temporary structure should be practically water tight 
or at least they should be able to exclude water to such an extent 
that the quality of water that leaks inside the enclosed area, can be 
easily pumped out. Cofferdams are classified according to the 
function and type of construction. The type of construction is depen¬ 
dent upon the depth, soil conditions, fluctuations in the water level, 
availability of material etc. Cofferdams are advantageously cons¬ 
tructed where a large area of site is to be enclosed and the hard bed 
is at reasonable depth. 

Considering the material used in their construction, cofferdams 
may be divided into the following categories. 

la) Earthen cofferdam 

(6) Rock-fill cofferdam 

(c) Single-walled cofferdam 
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{d) DovhU'WalUd cofferdam ^ 

(e) Crib cofferdam 

(/) Crib cofferdam {Circvlar or diaphragm type) 

(a) Earthen cofferdam. It essentially consists of an earthen 
embankment built round the area to be enclosed. It is constructed 
in places wheri the depth of water is not much, say 1*4 to 1*8 m. 



Fig. 2-59 

Section of an earthen cofferdam 

and the velocity of the current is very low. As a precautionary 
measure the earth bank is carried about one metre above the water 
level. The top width of the bank should not be less than 1 m. and 
the side slopes vary from 1 : 1J to 1 : 2. The earth embankment 
should be build from a mixture of clay and sand or clay and gravel. 
If the estimated quantity of clay is not easily obtainable, the banks 
may be constructed with a central clay wall with slopes of sand on 
either side. In order to prevent the embankment from scouring due 
to the action of water, side slopes of the bank on water side should 
be pitched with rubble boulders. If the current of water is such 
that there is a danger of the earthen embankment getting washed 
away, canvas bags half filled with material of embankment (mixture 
of clay, sand or gravel) are stacked one over the other to form the 
embankment. When the cofferdam is constru(*ted, the water from 
the enclosed area is pumped out so as to leave a dry surface inside. 
Excavations can then be performed to the required depth. 

(5) Rockfill cofferdam. If the depth of water to be retained 
by the embankment is of the order of 1-8 to 3 m,, stone or rubble 
is used for the embankment. This construction is adopted only 
if the stone is easily available in the nearby areas. The stones are 
assembled in the required shape of the embankment and the voids 
are partially filled with earth and stone*chips. The side slope on the 
water side is protected by pitching. 

(c) Single>walted cofferdam. This type of cofferdam is used 
in places where the area to be enclosed is veiy small and the depth 
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of water is more, say 4‘5 to 6 cm. Timber piles known as guide 
piles are first driven deep into the firm ground below the river bed. 
Depending upon the velocity of the current of the water in the river, 
the centre to centre spacing of the piles may vary between I 'S to 4 m. 



3AO cm ^ 1 100 u .**50CW»- 
* cm • 


Fig. 2’60 

Section of a rocknll cofferdam 

Longitudinal runners called wales are then bolted to the guide piles 
at suitable distance apart. Steel or wooden sheet piles are then 
driven into the river bed along the wales and are secured to the 
wales by bolts. The sheets on the two faces are braced by trussed 
arrangement of struts. This helps in increasing the stability of walls 
against the water pressure Half-filled bags of sand stacked on the 
inside and the outside faces of the sheets help in increasing the 
stability of cofTcrdam. After the cofferdam is constructed, the water 
in the enclosed area is pumped out and the construction work is then 
started. 

(d) Double-walled cofiferdam. For cofferdams required to 
enclose larger areas in deep water, single wall type becomes un¬ 
economical due to larger sections of trussed struts necessary to be used 
to resist the thrust. Double-walled cofferdam is provided in such 
situations. Its construction is essentially the same as that of a 
aingle-wallcd cofferdam except that in place of one wall, a pair of 
walls with a gap in between is used all along the boundary of the 
«pacc to be enclosed. This type of cofferdam can be used in depth 
of water up to 12 m. As the depth of water increases, the wall 
should be made wider in order to make it stable against over¬ 
turning and sliding. The distance between the two walls depend 
upon the depth of water The thickness of wall should be equal to 
the depth of water upto 3 m. For greater depths of water the 
thickness of wall should be 3 m. plus | the depth of water in excess 
of 3 m. At their top, the two faces of the walls are connected by 
steel rods spaced at close intervals. To prevent the leakage from 
the ground below, the sheet piles arc driven to a good depth in the 
bed. 
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Fig. 2-62 

Double-walJed cofferdam 

(e) Grib cofferdam. In deep waters where it is difficult to 



Fig. 2-63 
Crib cofferdam 
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penetrate the guide piles or sheet piles into the hard bed below, crib 
cofTerdam is used. In this type of construction, the sheet piles are 
supported by a series of wooden cribs. A crib is a framework of 
horizontal timbers installed in alternate courses to form pockets 
which can be filled with earth or stones. The length and breadth of 
each crib depend upon the depth of water and the current of flow. 
The formwork of the cofferdam consisting of logs of wood is 
prepared on ground and then floated to the site where the cofferdam 
is to be constructed. The layers of sand and the other loose material 
overlying the impervious hard bed is dredged out. Grib is then sunk 
to the bed rock. In order that crib may rest on the firm bed in 
stable position, the bottom of each crib is gpven a shape to fit in the 
variation of the surface of bed rock. The space inside the crib is 
then filled with stone or any other material, so as to make it stable 
against sliding and overturning. Timber or steel sheet pile is then 
driven around the crib. 


(/ } Cellular cofiPerdam. This type of cofferdam is mostly 
used for de-watering large areas in places where the depth of water 
may be of the order of 18 to 21 m. Cellular cofferdams are 
mostly used during the construction of marine structures like 
dams, locks, whares etc. Cellular cofferdam is made by dividing 
straight web steel sheet piles, arranged to form a series of inter¬ 
connected cells. The cells are constructed in various shapes and 
styles to suit the requirements of site. Finally the cells are filled 
with clay, sand or gravel to make them stable against the various 
forces to which they are likely to be subjected to. The two common 
shapes of the cellular cofferdam are 


(») Circular type cellular cofferdam 
(»») Diaphragm type cellular cofferdam. 

(i) Circular type cellular cofferdam. The circular type of 
cellular cofferdam has the advantage that each cell may be filled 
completely to the top before starting the construction of the next cell 
without causing any distortion to the shell of the cofferdam. Thus 
when one cell is completely filled up it can be used for placing crane 
or other equipment required for the construction of other cells. In 
addition, each cell acts as a self-supporting independent unit and in 
case one of the cells gets collapsed due to scour or interlock damage 
or some other reason, it docs not produce any adverse effect on the 
neighbouring cells. It is found that the interlock stresses reach 
their maximum permissible value when the diameter of cells is about 
21 metre. Hence in case, from design consideration it is necessary 
to have effective width of the cofferdam more than 21 metre, dia¬ 
phragm 4ype of cofferdam must be used. 
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Fig. 2-64 

Circular type cellular cofferdam 

(ti) Diaphragm type cellular cofferdam. This consists of a 
series of diaphragm of steel sheet piles connected as shown in Fig. 2‘65. 
The straight diaphragm walls are connected to each other by steel 
piles arranged in the form of arches on either sides. The radius of 
the connecting arcs is generally made equal to the distance between 
the straight diaphragm walls. With this arrangement, the tensions in 
the ascs and cross walls remain equal. After the cells are driven 
to the required depth, they are filled with earth, sand, gravel or 
other filling material. In this type of cofferdam, as the diaphragm 
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which separates the two cells is a straight wall, it is necessary to fill 
adjacent cells at approximately the same rate. If this is not done, 
the unbalanced pressure from the fill will distort the diaphragm 
(cross-walls), which may result in the failure of the interlocks. In 
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Fig. 2-65 

Diaphragm type cellular cofferdam 

this respect, the circular type cofferdam has the advantage over the 
diaphragm type cofferdam because in the former it is not necessary 
to fill the adjacent cells at the same time. This type of cofferdam 
has the advantage that the effective width of the cofferdam can be 
increased to desirable limits without increasing the interlock stresses. 





90 


BUILBlNa OOKSTBXrOTieN 


2‘23 Caissons. A caisson may be ddined as a watertight 
structure made up of wood, steel or reinforced concrete, constructed 
in connection, with excavations for foundations of bridges, piers, 
abutments in rivers and lakes, dock structures for shore protection, 
break waters, lamp house etc. The caisson remains in its position 
and ultimately becomes an integral part of the permanent structure. 
They are mostly used for deep foundations under water where the 
foundations must extend upto or below the river bed from stability 
considerations. 

2*24 Types of Caissons. The shape and size of a caisson 
depends up an the nature of structure for which it is to be built and 
the depth upto which it is required to be sunk. Caissons can be 
broadly classified in the following three different types. 

(i) Open caisson 

{2) Box caisson 

(3) Pneumatic caisson. 

(1) Open Caissons. Depending upon their shapes, open 
caissons can be further classified as : 

(i) Single wall open caisson 

(ii) Cylindrical open caisson 

(n't) Open caisson with dredging wells. 

(«) Single wall open caisson. This is a box type structure having 
no top or bottom (during construction) and mainly consists of vertical 
walls. The method of construction of a typical single wall open 
caisson is described below : 

Wherever necessary the site is made dry by dewatering the 
area by adopting suitable methods (By constructing cofferdams, 
sheet piling etc.). A pit of suitable size and about 3 to 4 metre 
deep is excavated at the site where the caisson is to be sunk. The 
cutting edge is then placed at the bottom of the pit. Above the 
cutting edge the wall reinforcements arc suitably tied up and the 
shuttering for casting the concrete wall is erected. The caisson walls 
arc then concreted in lifts to a suitable height. When the freshly 
laid concrete has gained sufficient strength, sinking operation is 
started. The caisson sink due to its own weight when the soil from 
the space inside is removed by use of clam shell or any other method. 
As sinking proceeds, additional sections of the caisson wall arc succes* 
sivcly cast. Sinking is stopped while each section is concreted and 
it is resumed only after the concreted section has gained sufficient 
strepgth. When the caisson is sunk to the required depth, its base 
is pluged by providing 1 *5 to 4*5 m. thick layer of concrete 
(concrete seal). The concrete for the seal is placed by use of a 



Fig. 2-66 

(a) Shows sectional plan of the single wall open caisson required to b( 
constructed. 

(b) to (0 Show the different stages in the construction of the caisson. 
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tremie pipe or by a bottom dump bucket. After the concrete seat 
has set, the water inside the caisson is pumped out and the empty 
space is filled with sand gravel or concrete. 

The rate of sinking of the caisson is always slow because the 
downward moment of the caisson is resisted by the skin friction of 
jthe ground on its walls. At times the skin friction becomes so great 
that the caisson docs not sink even after all the earth has been 
druged out from the inside clean down the cutting edge. In such 
situations, sinking is resorted to by loading the caisson with addi> 
honal weights in the form of rails, ingots etc. which are removed 
afterwards. 

(»p Cyliridiical open caisson (wells). This may, be defined as a 
’Cylindrical shell made up of timber, masonry steel or reinforced 



Fig. 2-67 

Cylindrical open caisson (well foundation) 

oncrete, shod with a cutting edge and which is sunk by excavating 
le soil within the shell. The thickness of the caisson wall must be 
Jequate'so that when the inside soil is dredged out, it sinks under 
s own weight. To facilitate sinking of the caisson water jets are 
tmetimes used around the sides, which decrease the skin friconit. 
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Cylindrical open caisson is also known as well caisson. This type 
of caisson is similar in all respect to the single wall open caisson 
except that its wall is circular in plan. 

The method of construction of well caisson is exactly similar 
to that of a single wall open caisson described earlier. After the 
well is sunk to the desired depths its bottom is sealed with concrete. 

^This type of caisson is commonly adopted for providing foundation 
for bridges, and other structures to be built in rivers and water¬ 
ways. 

(in) Open caisson with dredging wells. This type of caisson 
has the distinction of being employed for the deepest foundation for 
bridge piers, abutments and other similar structures. The caisson 
in this case is rectangular or square in plan and is further sub- 
divided into smaller sections from inside forming open walls. The 



Open Caisson with dredging wells 

outside walls as well as the inside divider walls are normally made 
up of reinforced concrete. The caisson is sunk by excavating soil 
through the wells by means of dredges. After the caisson is sunk to 
the required depth, its base is plugged with a concrete seal and the 
walls are filled with sand or concrete. From the point of view of 





Fig. 2-69 

Different types of open caisson with dredging wells 

(<i) Twin circular type (6) Double-D type (c) Dumb-well type (d) square type (e) Rectangular t; 
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control during sinking this type of caisson has deunite advantage 
over the other types described earlier. In this case, any tendency of 
the caisson to tilt or to drift from its position during the process o f 
sinking, can be checked by dredging the soil from the approaprite 
wells. 


(2) Box caisson. This type of caisson is similar to open 
caisson except that it is'closed at bottom. The caisson is cast and 
cured on land and when required, it is launched in water and 
towed to the site of sinking. The caisson is sunk by filling sand. 



Fig. 2-70 
Box Caisson 

gravel, or concrete in the empty space inside. The place where the 
caisson base is to rest must be levelled and as such box caisson are 
used in places where the strata of sufficient bearing capacity is 
available near the ground. In normal practice the soft natural 
bottom soil of the river bed is dredged out to some depth. The 
trench thus formed is filled with sand to form a levelled base. The 
function of the sand layer is to uniformly distribute the superimposed 
loads over the soil below and thus avoid tilting of the caisson. 

(3) Pneumatic caisson. Thisrtype of caisson is closed at top 
and open (during construction) at the bottom. The water is excluded 
from the caisson chamber by means of compressed air. The cons¬ 
truction of the pneumatic caisson is similar to the types described 
above, except that, the working chamber and shaft are made air¬ 
tight. In order that the workmen may carry out excavation work 
underneath the caisson and the water may not find its way inside 
from below, the pressure of the compressed air in the shaft is kept 
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Fig. Tli 

Pneumatic causon 
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just higher than that of the water at that depth. Each caisson has 
two air locks. Through one air lock workmen go down for working 
while through the other excavated material is taken out. An air 
lock essentially consists of a steel chamber having two air-tight doors. 
One door of this chamber serves as an entry of men or material 
from outside into the steel chamber and the other door leads to the 
air shaft. When a workman enters the airlock from outside, the 
pressure inside the airlock is the same as that of outside atmosphere. 
Thereafter the outs’de door is closed and the pressure inside the air¬ 
lock is raised slowly. When the pressure inside the airlock becomes 
equal to the pressure in the caisson, the door of the airlock which 
leads to the air shaft is opened and the workman goes down the 
airshaft with the help of a ladder installed therein. Exactly reverse 
procedure is followed when the workman comes out of the caisson. 
Airshaft provides means of access for the worker from airlock down 
to the working chamber. 

This method of providing foundation is complicated, expensive 
and very slow. However, in places where it is rather difficult to 
use bulky equipment required for alternative method, pneumatic 
caissons appears to be the only choice. The chief advantage of this 
method is that entire operation of sinking the caisson can be carried 
out under controlled conditions. This method provides better 
facilities for removing obstructions, inspection of work and concreting 
of foundations and bed. This type of caisson is suitable for depths 
ranging from 25 m to 40 m. At higher depths, the persons working 
inside the caisson for sinking operation are liable to get caisson 
disease (resulting from the expansion of bubbles of air trapped on 
joints, muscles etc.). 


Qjuestions for Revision 


1. (a) Name the different types of piles used for supporting vertical loads. 
ib) How do piles bear load ? 

(e) How would you determine the load bearing capacity of a pile. 


2. Write short notes on : 

(j) Wooden piles. 

(ii) Vibro piles. 

(Ui) Raymonds pile. 

(iV) MacArthur pedestal pile. 

3. What are screw piles ? State the circumstances under which they are 

used. 

(UniversUy of Poona) 

4. (a) Describe any one method of driving cast-in-situ piles. 

(b) How would you determine the safe bearing power or capacity of 

a pile ? 

(cj Compare the advantages and disadvantages of east-in-situ and 
pre-cast piles. 
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adopted • conditions the following types of foundations are 

(/) Well foundations. 

(//■) Pier foundations. 

(Hi) Inverted arch foundations. 

(iV) Timber grillage. 

(v) Steel grillage. 

(ri) Raft. 

(v/7) Piles. 

6. A six-storeyed R.C.C. framed building has to be constructed on an 
old tank bed with loose soil over 12 m deep and water logged upto 1*2 m from 
ground level. What type of foundation would you adopt ? Explain in detail 
the process of carrying out such a foundation. 

7. What are cofferdams ? Draw neat sketches to explain the different 
types of cofferdams used during the construction of foundation for structures. 

8. Explain with the aid of sketches the types of cofferdams you would 
recommend for the following sites of work, assigning reasons for your recom¬ 
mendations : 

(/) Shallow water with low velocities of current. Rock foundation 
is available at a depth of r52 m below bed level. 

(/7) Depth of water not more than 1*52 m but the velocity of current 
very high. Rock is found at a depth of 2*14 m below bed of river. 

{Hi) Depth of water 3 to 3-66 m above bed and the bed consists of 
compact blue clay. The space for the cofferdam is not restricted. 

Describe the construction of cofferdam recommended by you in each of 
the above cases. 

9. What are the different types of caissons ? Describe in short the 
distinction between the three different types of caissons commonly adpoted. 
Sketch the types selected to justify your answer. 

10. Write short notes on any five of the following : 

(0 Boundary footings. 

(ii) Steel sheet piles. 

{Hi) Core drilling. 

(iV) Spread footings. 

(v) Shoring of trenches. 

(vf) Foundations on sloping ground. 

(vi7) Raft foundation. 

11. Enumerate the different types of piles and describe each type briefly. 
Give advantages and disadvantages of each type. 

12. (a) What are the advantages of concrete piles over other types of 

piles 7 

(h) What are the factors governing the choice [of the most appro- 
priate type of foundations for a given structure ? 

* <c) What are the factors governing the minimum Mepth of shallow 

foundations ? 

13. What are cofferdams 7 

Explain how they could be constructed and used for the construction 
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of bridge pier in a river with a minimum depth of water (3 m.), where the river 
bed is rocky. 

14. What type of foundation would ,'you propose for a multistoreycd 
oflSce building in: 

(0 Soft soil. 

(u) Black cotton soil. 

(ill) Make up ground. 

(iV) Over soft rock. 

15. What do you mean by the Bearing Capacity of a soil ? Give the 
bearing capacity of various types of soils. 

Distinguish between spread and pile foundations. Describe with 
sketches the method of constructing any one of them. 

16. (a) What is bearing capacity of soils ? 

Describe the various methods of improving the bearing capacity. 

(b) What are the advantages and disadvantages of 

(i) Pre-cast and 

(») Cast-in-situ, concrete piles. 

17. While excavating the foundation, 90 cm widex90cm deep of the main 
wall of a building, an abandoned 2*44 m dia well, with 25 cm thick walls and 
filled up with earth was encountered. Explain what measures you should tat*, 
to build the foundation of the wall at this portion. 


18. Describe with sketches the method of timbering in a trench of size 

180 cm. deep x 120 cm wide for laying underground sewers in moderately firm 

ground. 

19. Explain with diagram a grillage foundation under steel stanchion 
What type of foundation is replacing grillage foundatloq in modern structure ? * 

20. Calculate the safe load which an R.C.C. pile will support if a 
hammer weighing 500 kg. falling from a height of 2 m. drives the pile by 6 mm 
per below. 

(A.M.I.E. Nov. 1968} 

21. What are the different types of foundations used in the construction 

of buildings and bridges ? What is a well foundation ? Describe in details the 
well foundation and its method of construction. Under what circumstanf«»« i* 
is preferred to the other types of foundations ? “ 

Nov. 1969) 

U t^'at are used in high rise 

buildings ? Desenbe in details the construction of a typical pile foundaS 

used for a tall building. What do you understand by sheet piling '> When and 
where are they used in practice ? e . cu dnu 

(A.M.I,E. Nov. 1969) 

23. State in detail the differences between the pre-cast and the cast-in- 

situ piles, and explain the Simplex pile in detail. What do you understand hv 
uneven settlement of the foundation and how it could be avoided ? ^ 

iA.MJ.E. May 1970) 

24. State the different kinds of piles used for building purposes Discuss 
the methods of construction and suitability of each under varying conditions. 

(A.M.I.E. Nov. 1971) 
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Structural Design of Foundations 

31. Design Loads. The basic requirement to be satisfied in 
structural design is that the member must be strong enough to sup¬ 
port all the possible types of loads to which it is liable to be subject¬ 
ed. Hence assessment of the design load is essentially the first step 
that should be taken before proceeding for the design proper. The 
loads coming on the foundation of a structure can be classified in 
three diffeient categories : 

(1) Dead load 

(2) Live load 

(3) Wind load 

3’2. Dead Load. It is the sum of loads comprising the self¬ 
weight of the structure, weight of its footings, foundations and other 
permanent load on the structure. These loads can be calculated by 
finding the weights of the cubical contents of the different material 
used in the structure. Table 3*1 gives the weight of the different 
substances for facility of load estimation. 

TABLE 3*1 

WEIGHT OF STRUCTURAL ITEMS 


Description of material 

We^h in 
kg per cubic 
metre 

Concrete 



Reinforced cement concrete 

Plain concrete M ISO (1:2:4) 

Concrete with brick aggregate 

Breeze concrete 

Lime concrete ... ... ■ 

Pumic concrete 

Stbw-dust concrete 

Aerated concrete 


2400 

2240 

1920 

1120 to 1180 

1920 

800 to 1100 

1120 

260 


Table 2'I Continued 
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Description of material 


Weight in 
kg per cubic 
metre 


Masonry 

Granite ashlar masonry 
Granite rubble masonry ... 

Dry rubble masonry 
Lime stone ashlar masonry 
Sand stone masonry 
Brick masonary in cement mortar 
Brick masonry in lime mortar 

Mortars 


Lime mortar 
Cement mortar 
Gypsum mortar 


Flooring 

25 mm. thick terrazzo flooring 
25 mm, thick granolithic flooring 
25 mm. thick tile flooring (excluding screeding) 
28 mm. thick hard wood flooring laid in mastic... 
28 mm. thick soft wood flooring laid in mastic ... 

Partitions 

10 cm. thick brick partition 
6 cm. thick hollow concrete block partition ... 
6 cm. thick hollow clay block partition 
10 cm. thick hollow glass block partition 

Roofing 


Thatch roofing on battens... 

Mangalore tiles with battens in single layer 
Country tiles with battens in single layer 
Country tiles with battens in double layer 
Allahabad tiles with battens in single layer 
Allahabad tiles with battens in double layer 
Complete roofing with A.C. sheets ••• 

Complete roofing with 0.1 sheets ... 

First class mud roofing with 12 mm. thick boarding 
and a simple layer of tiles 
First class mud roofii^ with a double layer of tiles 
Jack arch roofing with 8S mm. concrete filling over 
crown and 85 mm. mud plaster on level 
Tim{)er trusses and purlins 
Asbestos cement sheet 
G.l. sheets and bolts 


5 mm. thick Bitumen macadam roof finishing 


6400 

2400 

2080 

2560 

2240 

1920 

1760 


1760 

2080 

1200 

Weight in kg.fm^ 


60 

60 

20 

22 

15 


61*5 

61*5 

90 


35 

65 

70 

120 

85 

160 

49 

20 

342 

390 

730 

12 

12 to 75 

15 

11 


• » * 






102 


SU:9<DIVO OO^rSTBUOTIQV 


TABLE 3-2 

WEIGHT OF STORED MATERIALS 


Ashes 

• • • 


640 

Bitumen 

• • • 


1040 

Cement 

• • • 


1440 

Coal solid 



1300 

Coal crushed ••• 



850 

Charcoal 



300 

Coke ... ... ... 



520 

Hay and straw 

•»« 


290 

Paper in rolls 



700 

Limestone 



2650 

Granite stone 



1640 

Slaked lime 



800 to 1020 

Surkhi 



1010 

Brick ballast ... 

• • • 


1010 to 1450 

Stone ballast 38 mm. 

• •• 


1440 

Stone ballast 13 mm. 



1920 

Firewood (chopped) 

k ■ • 


1400 

Dry sand 



1600 

Dry earth filling (moderately rammed) 



1520 

Compacted earth filling ... 



2200 

Puddled clay stilf 

• •« 


2160 

Slag wool 



270 

Gravel (loose) 



1600 

Gravel (rammed) 

• • • 


1920 

Stocks of books and files 

• • • 


850 

Building rubbish 

••• 


1440 

Glass in sheets 



2600 

Timber 

• • * 


640 to 960 

^li^beat ... ... ... 

• ■ • 


830 

Water 

•»• 


1000 

3'3. Live Load. Also called as 

super-imposed load consists 

of movinff or variable loads like that of people using 

the structure. 

temporary stores etc. The live loads 

to be used for the design of 

floors and roofs in buildings are shown in Table 3*3. 



Description of material 


Weight in 
kg. per cubic 
metre 
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TABLE 3*3 

SCHEDULE OF LIVE LOADS AS GIVEN BY LS I 
(LIVE LOADS ON FLOOR) 


Loading 

class 

No. 

U) 

1 

Types of floors 

{2) 

Minimum 
live loads 

Kglm^ 
of floor 
area 

(i) 

Alternative 
minimum 
live loads 

(4) 

200 

Floor fr.r residential purpose 
including dwelling houses. 
Floors of tenements 

hospitals, wards, bedrooms 
in hotels and dormitories. 

200 

Subject to a minimum 
total load of 2’ 5 times 
the values in column 
(3) for any given slab 
panel and 6 times the 
value in column (3) 

250 1 

Office floors other than entrance 
halls, floors of light work¬ 
rooms. 


for any given beam. 


Note: The lower value of 
250 kg/m® should be taken 
where separate storage 

facilities arc provided and 
the higher value of 400 
kg/ rnr should be taken where 
such provisions arc lacking 

250 -400 

This total load shall 
be a«!sumcd to be 
uniformly distributed 
on the entire area of 
the s!t.b 'panel or the 
cntrie length of the 
beam. 

300 

Floors of banking halls, office 
entrance, halls and reading 
rooms. 

300 


400 

Shop floors used for the dis¬ 
play and sale of merchan¬ 
dise; floors of work-rooms 
generally; floors of class¬ 
rooms in schools ; floor of 
places of assembly with 
fixed sealing, churches, cha¬ 
pels, restaurants; circula¬ 
tion space in machinery 
halls, power stations etc., 
where not occupied by plant 
or equipment. 

400 

Subject to a minimum 
total load of 2 5 times 
the value in column 
(3) for any given panel 
and 6 limes the value 
in column (3) for any 
gisen b-am. 

500 

Floor of warehouse, workshops, 
factories and other building 
or parts of building of 
similar category for light 
weight !oads; office floors 
for storage and filling pur¬ 
poses ; floors of places of 
assembly without fixed 

seating public rooms in 
hotels, dance halls, waiting 
halls, etc. 

500 

This total load shall 
be assumed to be 
uniformly distributed 
on the entire area of 
the slab panel or the 
entire length of the 
beam. 
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(i) 

(2) 

(i) 

(4) 

750 

Floors of warehouses, workshop, 

750 

mtmm 

•1000 

factories and other buildings 
or parts of building of simi¬ 
lar category for medium 
weight loads. 

Floors of warehouses, work- 

1000 


Stairs 

shops, factories, and other 
buildings of similar category 
for heavy weight load, floors 
of book stores and libraies 
roof and pavement lights 
over basements projecting 
under the public footpath. 

Stairs, corridors, landings and 
balconies not liable to/liable 
to overcrowding : 

Stairs, landings and corridors 

• 

Subject to a minimum 


for class 200 loading but not 

300 N 

of 130 kg. concentra- 


liable to over-crowding. 

Stairs landings and corridors for 
class 200 loading but liable 

500 J 

ted load at the unsuo- 
ported end of each 
step for stairs cons¬ 
tructed out of struc- 

Balconies 

to over-crowding and for all 
other classes. 

Balconies not liable to over¬ 
crowdings : 

(<) For class 200 loading. 

300 

turally independent 
cantilever steps. 


(//) For all other classes. 

500 



Balconies liable to overcrowding 

500 


Garage 

Floors used for garages for 



(light) 

vehicles not exceeding 2*5 
metric tonnes gross weight. 

(i7) Slabs. 

400 

Or the combination 


(i7) B^ams. 

250 

of actual wheel load 
whichever is greater, 
-do- 

Garage 

Floors used for garages for 


Subject to a min. of 

(heavy) 

vehicles not exceeding 4 


Uxmax. wheel load 

metric tonnes gross weight. 

750 

but not less than 900 



kg. considered to be 
distributed over 75 

1 cm. square. 
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table 3-4 


LIVE LOADS ON ROOFS 


Type of roof 

Live load as 
measured on 
plan 

Minimum live load 
as measured 
on plan 

1. Flat, sloping or 
curved with slope upto 
and including 10*. 


375 kg. uniformly distributed over 
any span of one metre width 
of the roof slab and 900 kg. 
uniformly distributed over the 
span in case of beams. 

(a) Access provided. 

150 kg./m* 


(A) Roof to which access 
is not provided except 
for repairs or main¬ 
tenance etc. 

75 kg./m* 

190 kg. uniformly distributed over 
any span of one metre width 
and 450 kg. uniformly distri¬ 
buted o\er the span in case of 

1 beam. 

2. Sloping roof with 
slope greater than 10* 

75 kg/in2'j 
minus one 
kg./m* for 
every degree 1 
increase in | 
slope over 1 

10 “ upto V 

and includ- \ 
ing20“ and 1 
2 kg./m®for | 
every degree 
increase in { 
slope over , 

20 ®. J 

Subject to a minimum of 40 kg./m^. 


^These loads arc considered as uniformly distributed “dead 
i^ds on the plain area of the floor or roof and also include the 
effects of normal impact. These ‘ loads do not take into account 
special loads like heavy concentrated loads, vibrational effect on mov- 
ing machinery, cranes etc. While calculating the total load coming 
foundatiftns of a column, pier or wall of a multi storeyed 
buildmg (except the buildings in which the super-imposed load 
exceeds 500 kg/m*), the super-imposed loads for the roof and top- 
in(»t storey are calculated in full accordance with the schedule of 
loadings, but for the lower storey a reduction of the super-imposed 
load may be allowed in accordance with the table 3’5. 

3*4 ^ Provision of Loads for Partition Walls. In places 
where it is possible to fix the position of the partition walls which 
may be of brick or wood or other desired material, the actual load 
due to partition walls should be calculated separately and then inclu* 
ded in the dead load for the design of the floors and the supporting 
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TABLE 3-5 


S. No. 

Description of storey 

Reduction in 
live load 

1 

First storey below the topmost storey 

10 % 

2 

Second storey below the topmost storey 

20 % 

3 

Third storey below the topmost storey 

30% 

4 

Fourth storey below the topmost storey 

40% 

5 

Fifth storey and each storey below the topmost 


Storey 

50% 


structures. If it is not possible to decide the exact position of the 
partition wall beforehand, the floors and the supporting structures 
should be dc'signed to carry, in additions to other loads, a uniformly 
distributed load per square metre of not less than 334-% of the weight 
per metre run of the finished partition over the entire floor area 
subject to a minimum uniformly distributed load of 100 kg./m^ in the 
case of floors used for office purposes. 


3 5 Wind loads Wind acts horizontally on the exposed vertical 
forces of wall and inclined roof of the structure. It is assumed to exert 
uniform pressure which tends to disturb the stability of the structure. 
Wind pressure nr wind loading is based on the measurements of wind 
velocities and characteristics of the structure acting as obstruction. 
In designing a structure and its foundation, separate as well as 
combined effect of imposed loads and wind loads are considered. 
The cross-walls and floors play an important part in stiffening the 
structure against wind pressure. In a building whose height is less 
than three times its effective width and it is adequately stiffened by 
cross-walls and floor, the effect of wind pressure is neglected. In 
case, the building is situated in coastal areas, the height of the 
building should not exceed two times the effective width for no wind 
effects. 


The wind pressure to be considered on vertical surfaces is given 
in Table 3 6. 

Wind pressure on sloped roofs. 

In case of sloped roofs, the wind pressure varies with the degree 
of slope. It is assumed to be acting on one side of the roof and that 
side is termed as windward side. The opposite face of trusses is 
termed as leeward side in wind load estimation. A minimum wind 
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pressure of 50 kg./m® on windward side and a suction pressure due 
to wind of 50 kg./m^ on the leeward side is allowed in sloped roof 
design. Table 3*6 gives the wind pressurcifor various exposed heights 
that should be considered in load estimation. 

TABLE 3-6 


WIND VELOCITY AND PRESSURE AT VARIOUS EXPOSED HEIGHTS 



V (km/hr) 

p (kg/m2) 

0 

80 

40 

3 

96 

58 

5 

109 

76 

10 

120 

92 

15 

127 

104 

20 

132 

112 


3‘6 Case 1: Design of Wall Foundation. This consists in 
(t) the depth upto which the foundation of a structure 
should be taken below the ground level, (it) depth of the concrete 
bed block and (ui) the width of foundation. 

(i) Depth of foundations. The decision regarding the depth 
upto which foundation should be taken below the natural ground 
level basically depends upon the following factors : 

(a) The depth at which required bearing capacity of soil is 
available. 

[h) When the foundation has to be constructed in a pond, 
water course, ditch, filled up soil or some similar situation, it should 
either be taken to such a depth where such conditions, do not produce 
any adverse effect or the problem should be tackled by resorting to 

other suitable remedial measures like constructing raft, grillage, etc. 

» 

(c) In case of rock, it is not necessary to make deep trenches for 
foundation. It is sufficient to remove the top soil and construct 
the foundations over a cleaned and prepared bearing surface. 

(d) In case of black cotton soil or clayey soils, it is dependent 
upon this depth upto which the effect of volumetric changes in soil 
(due to atmospheric conditions) do not produce any adverse effect. 

(c) The depth upto which the soil is weakened by root holes 
or cavities produced by animals, worms etc. In addition the founda¬ 
tion should be taken deep enough to eliminate the possibility of rain 
water scouring below the footing. 
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(/) With the exception of shrinkable soils and rocks all 
simple types of spread foundation should be taken to a minimum 
depth of 90 cm. below the finished ground level. 

The minimum depth of foundation to prevent the soil moving 
laterally under pressure is given by commonly adopted formula 
known as Rankines formula. According to this formula the depth (i>) 
of foundation necessary to be provided is given by 

P p / l~sin 4> Y 
m; \ 1 +sin ^ J 

where 

p ss safe permissible pressure on base in kg/m* 
w — weight of soil in kg/m* 

= Angle of repose of the soil. ! 

The minimum depth of foundation for the load bearing wall of 
a building is restricted t o 90 cm. The depth is very much essential 
to protect the foundation from destructive effects of weather. 

^ In case of black cotton soils or clayey soils, which are liable to 
considerable shrinkage, footings should necessarily be taken down to 
such a depth below which there is little likelihood of variation in the 
moisture content of the soil. 

(ii) Depth of concrete bed block. The depth of foundation con¬ 
crete bed block depends upon the type of concrete used (whether 
cement or lime concrete), the projection of the concrete block beyond 
the bottom-most course of wall footing and the upward pressure of 
the soil below. The concrete of block may fail by shearing, crushing 
or by bending. It is usual to design the depth from consideration of 
maximum bending moment and the. depth thus obtained is found to 
render the concrete block safe against shear or crushing. 

Thus if d = depth of concrete block in cm. 

j = projection of concrete block on either side of the 
lowermost course of wall footing in metre. 

m = safe modulus of rupture of concrete mix, used in 
kg/cm.* 

p ss load on foundation in kg./ni*. 

The depth *‘d” of the concrete block can easily be worked out 
from consideration of maximum bending moment. 

Consider the cantilever projection AB or “j” of the concrete 

block. 
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Since the resistance of concrete to tensile and shear stresses is 
very low, the value of j must be limited. The least value of j should 
vary betwee n 10 to 15 ^ cm. Thus it is important to note that the 
•depth of cement lean concrete should in no case be less than its 
projection beyond the masonry face. However, in case of lime con¬ 
crete the depth of the bed block s-hould be at least 1^ times its pro¬ 
jection beyond the masonry face. For heavy loading conditions 
reinforced concrete bed proves economical. 

{in) Width of foundation. The width of foundation is 
obtained by dividing the total load per unit length on the foundation 
bed by the safe bearing capacity of the soil. Thus, if W be the total 
load in tonnes per metre and p be the safe bearing capacity of the 
■soil in tonnes/m“. 

W 

The width of foundation =-metre .,.{%) 

If the wall is to rest on a hard substratum the width obtained 
from the above equation will be very small and as such it may not 
be sufficient to make the wall safe against tilting. In order that the 
wall may be stable, the lowermost course of the wall footing is made 
twice the width of the wall (T) and the concrete bed block is made 
to extend at least l^to 15 cm. on either side of the lowermost course, 
this extension beuig Hehotcd byj. 

Hence the width of foundation 

= ...{ii) 

The greater of the two results obtained from equations (i) and 
(»t) should be adopted as the final width of foundation. 

Example. Design the foundation of a residential building three* 
storey high. The foundation is to rest on sandy soil having an angle of 
repose of Z(T and safe bearing power of 16 tonnes per sq.m. The soil 
weighs 1680 kg. per cu. metre. The main walls are 30 cm. thick and 
13’5 m. high above ground level {this includes the height of parapet 
wall). The roof consists of 15 cm. thick R.C.C. slab finished with 
10 cm. thick {average) lime concrete terracing. Thefloors consist of 
12 cm. thick R.C. slabs finished with 25 mm. terrazzo flooring. The 
maximum span of the R.C.C. slab for the roof or floors between two main 
walls is 4 metres. The roof is accessible. The weight of R.C.C. may 
be taken =2300 kg.jm’^ and for L.C.=1920 kglm^. 

Solution. The depth of foundation as given by Rankine*s 
formhla, 

D = P / l—sin <f> Y 
w \ 1 + sm ^ / 
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16x1000 / 1—sin 30** V 

1680 Vl+sinSOW 


__ 16x1000 1 

"16*80 ^ 9 


1 '057 m. say 1 • 1 m. 


( 

Hence adopt the depth of foundation as 110 cm. It is assumed 
that 1 : 3 lime concrete is to be used for foundation bed and the bed- 
block projects 15 cm. or *1.5 m. from the lowermost course of 
footing. 


Depth of concrete bed block 


d = 




16 X 1000 xO-15® 
F55 


= 26’4 cm. 

Hence adopt the depth of concrete bed block 
= 27 cm. 


Width of foundation. In order to calculate the width of 
foundation, the total load per running metre on the foundation bed 
must be estimated. 

{\) Load due to •wall per running metre. In order to account 
for the weight of wall below ground level including the extra weight 
due to its increased base width above the concrete bed block, weight 
of one metre height of wall is added to the weight of wall above 
ground level while calculating the total wall load. 

Hence wall load per running metre 

= JD X .B X X Weight per cu. metre‘of masonry 
= 1 x0*30(13-5+l)x 1920 = 8350 kg. 

(2) Load due to concrete bed block per running metre : 

= LxBxdxVft. per cu. metre of concrete 
= 1 X (2 X 0-30+2 xO-15) X -27x1920 
» 466 kg. 

(3) Load due to roofing per running metre. Load due to roofing 
■consists of the following : 
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(i) Self wt. of 15 cm. thick R.C. slab 

2 300 X-15 
= 345 kg/m* 

(li) Weight of 10 cm. thick 

concrete terracing = 192 kg/m* 

(iw) Live load = 200 kg/m* 

Total = 737 kg/m*. 

As the maximum span of the roof slab between two main walls 
is 4 metres, load per metre on each wall 

= 737x^ = 1474 kg. 

(4) Load due to R.C,0. floors. As the building is three-storeyed 
high, the live load on the floor will be reduced as specified in Table 
3*5 on page 106 and hence the dead loads and the live load due to 
floor arc calculated separately. 

Dead load per sq. m. due to flooring consists of : 

(t) Self weight of 12 cm. thick R.C. slab 
= 2300x0-12 

= 276 kg. 

(ti) Wt. of 25 mm. terrazzo flooring 
= 0 025xld20 


- 48 kg 

Total = 324 kg/m*. 

Dead load due to each floor on the each main wall per running 

metre 

« 324x-|-=* 648 kg. 

Sinee there are two floors, total dead load per running metre 
« 2x648 
» 1296 kg. 
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floor 


• (■ 

(5) Live load for the floors of residential building as given in 
Table 3 3 on page 100 = 200 kg/m®. 

As per table 3'5, reduction in total live load shall be made as 
below: 

(t) Live load per running metre on each main wall due to 2nd 

(n) Live load per running metre on each main wall due to 1st 
floor 

= 200x-ix ,“ = 320 kg. 

Total live load/metre = (i)+(i*) = 680 kg. 

Total load (dead and live) per metre length of wall 
= (l)+(2)+(3)+(4) + (5) 

= 83504-466+1474+1296+680 
= 12266 kg. 

= 12*265 Tonnes. 


Required width of foundation 


12*266 


16 

= 0*767 m. 

which is less than the width assumed from practical consideration. 
Hence, adopt the width of foundation = 2x 30+15x2 

$= 90 cm. 

Result : (/) Depth of foundtUion = 110 cm. 

(2) Wi^h of foundaiion . = 90 cm. 

(3) Depth of concrete block — 27 cm. 

3*7 Case II. Design of Foimdations for a Brick Pier 

V^'^xample. Determine the necessary dimensions of brick footing 
and mdth of foundation concrete for a brick pillar 80 cm.jsguare stressed 
to 55 'tonnefm^ of the section. Permissible pressure on concrete and 
eaHh may he taken as 33 tonnejm?' and 11 tonneJm^ respectively. Give 
a dimensioned sketch. 
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Fig. 3*2 

Detennint the depth of foundation for the above pillar, assfu/tning 
angle of repose of earth as and its weight as 1920 kgim\ 


Solvtion 

Load on the brick pillar 

«=5 0‘8x 0*8x55 =a 35*2 tonne. 
Sdf-weight of foundation 

(assumed) = 10% of 35*2 = 3*52 tonne. 

$ 

Total load on soil =* 35*2+3*52 

sss 38*72 tonne. 
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The base area of concrete block 

_ 38-72 

“ ■ 11 

SB 3*32 sq. m. 

One side or width of the square concrete block =» V^3'52 

= 1*875 m say 1*9 m. 

Necessary area of the bottom*niost footing course of the pillar 
in contact with concrete bed block 

_ 38-72 
”■ 33 

= 1*173 sq.ro. 

One side of the square footing = '/l'173 

= 1*08 m. 

Although the width of the bottom-most course of pillar footing 
works out to 1 '08 m yet from consideration of economy and stability, 
the width of the bottom-most course of the pillar footing will be kept 
equal to 2 x 80 = 1*60 m. 

The increased base width will be obtained by means of regular 
offsets which will run symmetrically alround. 

Depth of concrete block 



Assunung the concrete mix to be used is 1 : 3 : 6, 
m 3*52 

1-9-1-6 

1 - ^2 - 

SB *15 m. 




3x11-0 15* X1000 
3*52 


= V211 

SB 14*5 cm. 
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Depth of foundation : 

It is given by the formula 
n _ 

ti; V i -f sin ^ / 

11x1000/1-sin 30**Y 
“ 1920 Vl+sin30V 

11x1000 1 

■" 1920 ^ 9 

= 0*637 m, 

= 63 7 cm. 

But as per rule, a minimum depth of 90 cm. will be adopted. 
Remit : 

Size of concrete block = 190 cm. x 190 cm. 

Depth of concrete block == 14'5 cm. 

Size of lowermost course of brick pier 

a= 160 cm.xlOO cm. 

Depth of foundation — 90 cm. 


aocni 


1 





SC^ 


foctn* 


160 cut 


190cm 


Fig. 3*3. 

3 8. Case III. Design of Plain Cement concrete Footing 

for a Rolled Steel Stanchion 

» 

Example. A rolled steel stanchion carries a load of 45 tonne 
and is to be bolted to a stone template on cement concrete base. The 
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safe hearing strength of stone template and concreie may be assumed to 
be 280 tonnejm^ and 145 tonnejm* respectively. Design a suitable 
foundation for this stanchion if the soil below the concrete bed block has 
a safe bearing capacity of 23 tonnejm*. 

Solution 

The stanchion wiil transmit the load to the stone template 
through the steel base plate at its foot. The size of steel base plate 
depends upon the safe bearing strength of the stone template on 
which the base plate is to be bolted. 

The area of a square steel base plate for the stanehion 

_ 

“ 230 

= O'196 sq. m. 

One side of the square base plate = V 0 -196 

= 0'444 m. 

= 0 45 m. say. 

= 45 cm. 

Thickness of the base plate may be taken to be 12 mm. 

The size of the stone template depends upon the safe bearing 
strength of the concrete bed block on which it rests. 

45 

/. The area of the stone template = 

= 0-31 sq. m. 

One side of the stone template 

= VFl 
=s 0*557 m. 
ess 0*56 m. say. 

» 

Thickness of the stone template may be taken as 20 cm. 

Area of the concrete bed block depends upon the safe bearing 
strength of the soil on which it rests. 

/. Area of concrete bed block (neglecting the self*weight of 
the concrete bed block) 

- 

23 

= 1*96 sq. m. 

One side of the square concrete bed block 

s= ^fV96 
=» 1*4 m. 
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Depth (Thickn csg) of concrete bed block is given by the formula 

Asswning that 1:3:6 concrete mix is used for bed block 
ruction. 

m = 3-52 
. 1-4---560 


construction. 


*= 0*42 m. 


d 


f3x 23x100 
V 3-52 


1000 x 42* 


59 cm. 


59 

Divide this thickness in 2 steps of *= 29'5 cm., say 30 cm. 

each. 

Besulta : (») Size of stanchion ba^e pate 

= 45 cm. X 45 cm. X 12 mm. thick. 

(n) Size of stone templaie 

= * 56 cm. X 56 cm. X 20 cm. deep. 

{Hi) Size of concrete bed block 

8= 140 cm. X 140 cm. x depth as shown. 



Fig. 3-4 
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3*9. Case IV. Design of Grillage Foundations. Fig. 
3*5 shows a simple arrangement of one tier grillage for a steel 
stanchion. The formulae for the bending moment and shear force 
required for the design of grillage beams can be arrived at by the 
method described below: 

Let W s= load supported by one beam in kg. 

L s= length of the beam in cm. 

I = length of the base plate in cm. 

The load distribution is shown in the Fig. 3*5. It is evident 
that maximum bending movement in the beam 

W L W I 

” 2 ^ 4 2^4 

= 0 kg. cm. 

Maximum shear 
on the beam occur at 
the edge of the base 
plate. 

Upward soil 
pressure on the beam 
per cm. length 

= 2 ’’ 



Cantilever projection of the beam, beyond the edge of the base 

plate 



cm. 


/. Maximum shear force on the 


beam = V)^- 


Easample. Design a auitcMe grillage foundation for a steel 
stanchion, hearing load of 100 tonne and give suitable sketch drawings. 

The safe hearing power of the soil is 11 tonnesjsq. m. 

The hose of the stanehion is 00 cm. X 00 cm. 
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Solution 

Load on stanchion (FT) =* 100 tonne. 

add 10% of (FT) being the assumed weight 
of foundation = 10 tonne. 


Area of the base of foundation 


One side of the square base 


or 


Total = 110 tonne. 
■“ 11 

= 10 sq. m. 
= -v/10 
= 3*16 m. 

L = 316 cm. 


Adopt an over-all size of one side of the square base as 
316-b2xl2 = 340 cm. 

(12 cm. being the assumed side cover for the grillage beams). 
One side of the stanchion base plate = 60 cm. 
or 1 = 60 cm. 

It b proposed to provide grillage beams in two tiers. 

Design of grillage beams in upper tier : 

Max. bending moment in the beams 

FT 

= 

= -(316-60) 

o 

= 3200 tonne cm. 
s= 32,00,000 kg. cm. 

It is proposed to provide 3 rolled steel joists in the upper tier. 
Bending moment per joist 


32,00.000, 


kg. cm. 


Since 


M =fZ 


32,00,000 1 

' 3“ ^1400 

762 cm*. 
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Reftarring steel tables, adopt 350 mm. X 140 mm. X 52*4 kg./m. 
R.S.J. having the following properties : 

Z,, = 778*9 cm* 

Web thickness = 81 mm, = 0*81 cm. 

Check for the clear distance between the beams : 

Space occupied by flange width of three beams 

= 3x140 
= 420 mm. 

= 42 cm. 

Width of column base plate = 60 cm. 

1. u 60-42 

Clear space between the beams = -^— 

= 9 cm. 


which is more than minimum allowable distance of 8 cm., hence safe. 


Check for shear : Total max. shear force is given by the formula 


S.F. 


W(L-l\ 

L \ 2 ) 

100 f3\6-60 \ 
“■316 V 2 J 
= 44'5 tonne. 


Shear 


force 


per 


= 44500 

44500 
joist = —^ 


kg. 

-kg. 


(As per I.S.I., web area resisting shear should be taken equal 
to depth of beam multiplied by the web thickness.) 

44500 

Shear .treu per joist = - jxosikSS 

= 523 kg./sq. cm., which is much 

less than 910 kg./sq. cm., the safe allowable shear stress in beam, 
hence safe. 

Design of grillage beams in the lower tiers 
Total max. bending moment as calculated before 


= 32,00,000 kg. cm. 

It is proposed to provide 10 (R.S.J.) in the lower tier. 
Bending moment per joist 


32,00.000 

10 


3,20,000 kg. cm. 
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Again, since M = fZ 



320,000 
"" “ 1400 

« 228*5 cm® 

Referring steel tables adopt: 

250 mm. X 125 mm. X 27*9 kg./m. R.S.J.’s having the following 
properties ; 

Zgg = 297*4 cm* 

Thickness of web =6*1 mm. = 0*61 cm. 

Since the base width is 316 cm., as such ample space will be 
available between the centre of the two successive beams and hence 
there is no need of giving check for clear distance between the 
beams. 

Chech for shear ; Total max. shear force as calculated earlier 

= 44500 kg. 

44500 

Shear force per joist = —— = 4450 kg. 

Web area resisting shear = 0*61 x25 sq. cm. 

„ 4450 

^ “061x25 

= 292 kg./sq.cm., 

which is less than 910 kg./cm®, hence safe. 

BeauU : 

(») Size of foundation ba^e » 340 cm. x 340 cm. 

(u) Beams in upper tier — 3 Nos. 350 mm. X 140 mm. X 52’4 
kg.Jm. B.8.J. 

{Hi) Beams in lower tier ss 10 Nos. 250 mm. X 125 mm. X 27'9 
kg.lm. B.8.J. 

(iv) Side cover for the beams = 12 cm. 



Kfi/m R.S.J 
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Common Data for R.G.G. Designs 

The following data has been adopted In design problems in 
this book. 


Concrete Mix : M150 (1 : 2 : 4) 

w=18 


Description 

Metric system 

1 

^ Foot-lb. system 

Stress in steel (r) 

\ 

\ 1400 kg*/sq. cm. 

18000 Ib./sq. in. 

Stress in concrete (c) 

50 

750 

Average bond stress 

6 

100 ’* 

Local bond stress (5b) 

10 *’ 

175 

Shear stress (s) 

5 

75 

Neutral axis factor (ri) 

0-39 1 

0-429 

Lever arm factor (rj) 

0 87 

0-857 

Resisting moment 

8 48 

137-5 

co>efficient (Q) 

Weight of R.C.C. 

2400 kg./cu. m. 

144 Ib./cu. ft. 


COMMON CONVERSION FACTORS 


Multiply by 


2- 54 
0-3048 
0-4536 
1-488 
0-07 
4*883 

16 

1-016 

3- 333 
10-937 

0-138 

1-15 


To convert 


Inches 
Feet 
Pounds 
Ib. per ft. 
lb. per sq. in 
lb. per sq. ft. 
lb. per cu. ft. 
Tons 

Ton per ft. 
Ton per sq. ft. 
Ft. lb. 

In. lb. 


to 


Ccntimentres 
Metres 
Kilograms 
kg./metre 
kg./sq. cm. 
kg./sq. metre 
kg./metre® 
Tonne 
Tonne/mel^e 
Tonne/sq. metre 
kg. metre 
kg, cm. 


3-10 Case V—Design of R.G.G. Footings for a WaU. In 

this case, the width of foundation bed is obtained by dividing 
the load per m. run of the wall by the bearing capacity of the 
soil. The footing is assumed to be acting as a &ed beam and the 
projection of the footing from either face of wall acting as cantilever. 
Thus the maximum bending moment in the footing is assumed to 
occur at the wall face and the footing section is suitably designed as 
described in the example on Page 125. 
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Example. Design a R.C.G. raft foundation for a wall carry • 
ing 20 tonne per running metre at foundation level on loose soil having 
a safe hearing capacity of 5 tonnejm^. 

Solution 

Load on foundation = 20 tonnefm. 

Safe B.G. of soil = 5 tonne/m® 

20 

Width of foundation = —=~ == 4 metres. 

5 

Assuming the safe compressive stress in masonry (of which the 
wall is built to be) 70 tonnes/m*. 

20 

Thickness of wall = -:^g- = 0‘286 m. 

= 28-6 cm. 

= 30 cm. say. 

Projection of concrete raft beyond wall face on either side 

4-0-3 
“ 2 
= 1*85 m. 


Upward soil pressure per metre length of wall = 5 tonne/m 
= 5000 kg./m. 1'85 metre projection of concrete raft slab on cither 
side of wall face acts as cantilever slab loaded from below with a 
uniformly distributed load of 5000 kg/m. 


Max B.M. occurs at the face of wall, its value being 

= 5000xl*85x 

= 8550 kg. m. 

= 8,55,000 kg. cm. 

Effective depth of concrete raft slab : 


or 




M 

QM 


80,55,000 


” \f>48xl00 

= vWi 
= 31*8 cm. 
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Providing a cover of 7 cm. for the slab, adopt an over-all depth 
of raft slab = 39 cm. and an effective depth » 32 cm. 

Area of steel per metre length of slab 

_ ^ 

~~ Oj. d.t 

855000 

0-87x32x1400 
= 21*9 sq. cifi. 

Provide 20 mm. ^ bars @14 cm. c/c. 

Max. S.F. at the face of wall : 


or =» 5000 X 1 85 

= 9250 kg. 
Check for bond : 


Ui. d.XU 

No. of bars in one metre length=8 
Perimeter of one mm. tf> bar =6-28 


•• 0 87 X X 8 X 

=» 6‘61 kg/cm®. 

which is less than 10 kg./cm^, hence safe. 

The slab need not be kept of uniform thickness and may be 
sloped at ends. 

Let the sides of the slab be sloped so as to get the thickness of 
slab at ends = 23 cm. 

The critical section XX for shear will be located at a distance 
equal to the effective depth of footing slab from the face of wall. 
Hence the shear is checked at this depth. 

Effective depth of footing at 32 cm. from face of wall 



Shear force at the critical 
section = 500x1*53 
=3 7650 kg. 


16+ 


16x153 

185 


= 16+13-22 
= 29-22 cm. 
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Cheek for shear : 

- ^ 

* ttj.d.ft 

7650 

“ 0-87 X 29-22x100 
= 3-01 kg./cm* 

which is less than 5 kg./sq. cm., hence ^fe. 

Distribution bars @ 0*15% of the average gross-sectional area 
of concrete 

0-15 (404-23) X 100 
■" 2x100 

= 4-73 cm*. 

Provide 10 mm. bars @16 c/c. 

Resatt • 

(*) Width of foundation = 400 cm. 

(it) Depth of raft slab = 39 cm. reduced to 23 cm. at ends. 
{Hi) Main reinforcements «=> 20 mm. 4> bars @ 14 cm c/c. 

(tv) Distribution bars = 10 mm. 4> bars @16 cm. c/c. 





3'11 Case VI—Isolated Golnmn Footing, Isolated column 
footing consists of a square or rectangular slab which may be 
of uniform thickness or may be tapered or stepped. The section of 
footing must satisfy the following conditions : 

(1) It should be safe against punching shear. Punching shear 
is one of the deciding factors in fixing the depth of footing slab. 
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Punching shear. In punching shear, the following equation 
holds good : 


The perimeter of the column x Depth of footing x Safe punch-* 
ing stress =* Total punching load. 

or 4x6xdx5p= p(a*-'6*) 

where 8p — allowable punching shear stress. Its value for Ml50 
(1:2:4) concrete mix is 10 kg/cm^. In general, the value of 8p is 
twice the value for safe shear stress in concrete. 


Net upward pressure 


Load on column 


^ ^ Area of footing 

<2) It should be safe in bending. The depth of the footing 
must be sufficient to provide a moment of resistance equal to the 
maximum bending moment which occur at the face of the coliimn. 



The max. B.M. about a vertical plane through H.£. 

= Total reaction on the trapezium PQEHxDlst&nce of e.g. of 
the trapezium from H.E. 

or Jf = i p(a+6)(a-6){(|^ )( ^)t} 

= p(o-6)>(2o+i) 

(3) The depth of the footing at the section Z-Z must be suffi.- 
cient to keep the shear stress at the section within safe limit. 

Steps to be followed in the design 

' (a) To the load W on the column add 10% of the load W, 

(which being the assumed weight of footing) to get the total load on 
foundation. 
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(6) Find out the area (il) of the footing by dividing the total 
load calculated in (a) by the safe bearing capacity of the soil. 

(c) Find the net upward pressure of the soil given by : 

W 

p = -j- 

(d) Calculate the effective depth of the fooling from considera¬ 
tion of punching shear and bending moment. 

(e) Adopt the bigger of the two depths as the effective depth 
of footing and add 7 cm. to it to get the total depth of footing. 

(/) Calculate the area of steel given by the formula 



As per the revised Indian Standard Code of Practice, I.S. 456— 
1964, the area of reinforcement as calculated above should be pro¬ 
vided in the full width of footing. 

(jr) Usually the footing slab is sloped down to say 15 to 25 cm. 
at the ends. Calculate the depth (d') of footing and find the S.F. (S') 
at the section Z-Z (a vertical section located from the face of column 
at a distance equal to the effective depth of the footing). 

S.F. at section Z-Z (Refer Fig. 3 9) is given by, 

S' = f{a‘-(b+2d)’}. 

(h) Check for shear at section Z-Z 

8 = 

a^d'.b' 

where 1/ — h-\-2d 

(i) Check for bond : The bond stress should be checked at the 
face of column. 

Example. Design a reinforced concrete fotmdali on fooling for a 
column bearing a vertical load of 101 tonne. The tearing potoer of soil 
is 11 tonnejm^. 

Given : fe = bO kgfsq. cm. 

fs — 1400 kgfsq. cm. 
m = 18. 

The base size of the column is 60 cm. X 60 cm. 
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Solution 

Load on column tonne. 

Add 10% due to assumed weight of footing =10-1 

Total=lll*l tonne. 

Required area of the base of footing 

111-1 

- z= 101 sq. metre. 

11 ^ 

One side of the square base = VlO-1 

= 3’175 m. 


Adopt one side the footing as 3’2 metre. 
Net upward pressure on the foundation 


P 


101 

3 - 2 =* 


= 9 87 tonne/m^ 


= 9870 kg/m*. 


of foundation 

(i) From consideration of punching shear. 
Total punching shear round the column 
= p(a*—5*) 

= 9870(3-2*-0-6*) 

= 97600 kg. 


Assuming d to be the depth of the footing in cm., total foro 
resisting punching shear 

= ^XbxdxSp 

■3 4 x 60xdxl0 

= 2400d 

2400d * 97600 

, 97600 


40*7 cm. 
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(n) From consideration of bending moment 


U = ■ii>(o-6)>(2a+6) 


9870 

24 


(3'2-0-6)®{2x3-24-0 6) 


= 19470 kg. m. 

= 1947000 kg. cm. 


d = 


4 


M_ 

Qb 

1947000 

8-4»Xbb 


=61*8 era. 

Hence the depth of footing from bending moment considera^ 
tion is more, and as such, provide an over*all depth of footing 

«= 69 cm. and an effective depth = 69—7 = 62 cm. 

Area of steel required for the full width of footing. 


a.d,t 


1947000 

“ 0-87x62x1400 
= 25 8 sq. cm. 

According to revised I.S. Code of Practice, this area of steel 
should be provided in full width of footing. 

Area of reinforcement per metre width of footing 

25-8 

r=t -^ 7 -- = 8*06 sq. cm. ^ 


Provide 14 mm. ^ bars at % 19 cm. c/c. Let the footing be 
sloped to an overall depth of 25 cm. at the edges. 

Shear force at the critical section or at a vertical section 62 cm. 
away,from the face of the column. 


S' = ?-{„!_ (6+2dn 
9870 

= -^^{3*2*—{0-64-2X 0-62)*} 
= 16940 lb. 
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Effective depth of footing at the critical section 

44 

■*' = ‘«+-l30- 
= 41 cm. 

Width of footing slab at critical'section 
h' 6+2d 
== 60+2x62 
= 184 cm. 

Check for shear 

_ ^ 
tti.d'.b' 


16940 

0 87x41x184 
= 3*2 kg./sq. cm. 

which is less than 5 kg./sq. cm., hence safe. 

Check for bond : 

Total shear force (Punching shear) around the column faces 
= 97600 kg. 

Shear force on one face of column 
_ 97600 

= 24400 kg. 

Total No. of 14 mm. ^ bars provided along one face of column 


= 16*87+1 = 17*87 say 18 Nos. 

Q - 

^ a^.d Zb 

_ 24400_ 

“ 0-87 X 62 X 18 X 4*4 

= 5*72 kg./sq. cm. 

which is less than 10 kg./sq. cm., hence safe. 
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Result: 

(•) Size of column footing 
(ii) Depth of column footing 
(in*) Main reinforcerMnts 


= 320 cm. X 320 cm, 

== 69 cm. reduced to 25 cm, 

= 14 mm. bars @ 19 cm. cfo. 
both toays. 
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3'12 Design of a Circular Column Footing. The design 
procedure of a circular column footing is the same as that of a two- 
way reinforced square R.C. column footing. The only difference in 
this case is that the value of is taken to be equal to ^tb the 
circumference of the column. 

Example. Design the foundation for an axially loaded circular 
B.C. column 60 cm. in diameter and carrying an axial load of 113 
tonne. The safe hearing capacity of the soil is 12 2 Umno per sq. m. 

Solution 

(t) Load on the column = 113 tonne 

Add 10% of (i) for the assumed weight of 
the footing = 11-3 tonne 

Total 124-3 tonne 

Required area of the footing 
124-3 

= -?i| = 10-20 n... 

It is purposed to provide a circular footing. If “d'* be the 
diameter of the footing, then 

= 10-2 

4 


d = 



10 2x4 

7C 


3'61 m. 


Adopt the diameter of the footing = 3-7 m, (say) 

Net upward pressure of the soil 



_5-TOtn -—*-•» 


Fig. 3-11 


_ 113x1000 

~4xS-7> 

4 

» 10500 kg./sq. m. 

To fix the depth of the footing : 

(i) From consideration of bend¬ 
ing moment. 

The distance of the centroid of 
the shaded area from the axis of the 
column is given by the expression 

0-6 (R*-l-R.r+r,) 

- ' '{B+r) 

0-6 (1-85«+1'85x0 34-0’3^) 
= (I-85+0-3) 

= 1136 m,= 113-6 cm. 
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Value of bf the breadth of the shaded portion in front of the 
column face 


nd 71x60 At 

_ _ — = 4/’ 13 cm. 

4 4 

Area of the shaded portion of the footing 

e=3 (tsR*— 

4 


= (1-852-0-3*) = 2-62 sq. m. 

4 


Load on the shaded area due to net upward pressure 

= 2'62x 10500 kg. 

B.M. at the face of the column 

« 2-62X 10500 X (113 6-30) 

= 2300000 kg. cm. 

Required effective depth of the footing 


d 



M 

Qb 


2300000 
8 48x47 13 


73*9 cm. 


{%%) Depth from consideration of punching shear. 
Total punching force 


= xO-6') 


= 10500X 0-6*) 


= 110000 kg. ’ 

If d* be the depth of the footing, then total force preventing 
pundiing 


# • 


lOxicxGOxd' = 


10X7cx60xd' 

110000 

110000 
lOxTtxbO 


58*4 cm. 


Hence adopt the over-all depth of the footing 

= 83 cm. 

= 76 cm. 


and eflective depth 
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Area of steel required 


2300000 

“ 0-87x76x1400 
as 24'85 sq. cm. 


No. of 16 mm. ^ bars needed 


2485 
“ 2 01 


= 12‘35 say 13 Nos. 


The bars should be arranged in the form of a square mesh 
centrally located under the column. The width of the square being 
equal to the length of one side of the square that can be inscribed in 
the circular footing of diameter =s 3-7 m. 

/, Length of the side of inscribed square 


_ 7) _ ^7 

“ V2 ~ V2 


= 2-61 metre. 


Check for sh^ar 


It is proposed to taper the footing slab to 25 cm. at the edges. 
The critical section for diagonal tensile stress or shear occur at 



a distance of effective depth 
of the footing from the face 
of the column. 

The effective depth of 
the footing at the critical 
section Z-Z 

= 47 6 cm. 


Fig. 3-12 

=3 76+30 = 106 cm. 


Radius of the footing 
at the critical section 


= 106 m. 


Shear force at the critical section 


== p. 7 r{l -852-1-062) 

= 10500 X7CX (1-852-1-06“) 
= 75650 kg. 


Breadth of the footing at the critical section (6') 
= 27rX 1*06 m. 

2rtX 1 06x 100 cm. 
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PLAN 


Fig. 3-13 
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S 

ai.d‘b 


75650 

“ 0-87x47-6x27tx 1*06x100 
= 2*745 kg./sq cm 

which is less than 5 kg/sq. cm., hence safe. 

Check for bond: 

Max. S.F. at the column face 

= 10500 x 2*62 kg. 

p S 10500x2*62 

~ tti-dSO 0*67 X 76x13x5 03 

= 6*36 kg./sq. cm. (safe) 

Questions for Revision 

1. A mom 3 m by 3*66 m. internally has 30cm. wall all round. Load 
transferred to foundation per running metre is 10 tonne and the bearing capacity 
of soil at 90 cm, depth is 14 tonne/sq. m. Plinth is to be kept 60 cm. above the 
ground level. Design a suitable section for the footing and wall upto plinth level 
and estimate the quantities involved. Weight of earth is 1760 kg./m^ and angle 
of repose is 30°. 

2. A shed is to be constructed 12 ra. long and 7*4 m. wide internally 
having 30 cm. thick walls on the shorter sides. Four pillars 30 cm. x30 cm. are 
provided on each longer side with clear spacing of 2*1 m. Draw a trench plan of 
the shed having the following data *. 

(i) Angle of repose 30*: 

(i7) Wt. of earth : 1760 kg/m*. 

(iVi) Safe bearing capacity of soil: 11 tonne/sq. m. 

(iv) Plinth 45 cm. above ground. 

(V) Load on wall at plinth level : 10 tonne/running metre. 

(v/) Load on each pillar at plinth level 10 tonne. 

3. A steel column carrying an axial load of 2SS tonne is to be founded 
on a soil having its safe bearing capac'dy of 16 tonne/sq. m. The column base 
plate is to be 60 cm. square. Design a suitable steel grillage foundation and 
make a detailed sketch of the same. 

4. A weight of 27 kg. is dropped vertically on the bottom of foundation 
trench from a height of 3 metres and makes an impression of 6 mm. The base of 
the weight is 18 cm.x 18 cm. in size. Calculate the safe bearing pressure per sq. 
metre a.ssuming a factor of safety of 8. 

^5. Calcutale the width and depth of a plain cement concrete foundation 
supporting a wall carrying a load of 33 tonne/metre run at the foundation level. 
The safe allowable pressure on the soil is to be limited to 11 tonne/sq. m. The 
soil weighs 1760 kg/m* and has an angle of repose of 30*. 
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6. Design the foundation of a four-storeyed office building to be cons¬ 
tructed on a soil having its safe bearing capacity of 22 tonne/m*. The soil 
weighs 1920 kg/m* and has an angle of repose of 30°. The main walls of the 
building upto first two floors are 40 cm. thick and for the rest of the height 
30 cm. thick. The floors consist of 13 cm. thick R.CC. slab finished with 
25 mm. thick mosaic flooring. The maximum span between the two main walls is 
3’7 m. The roof slab is finished with 10 cm. thick grading. 

7. Determine the size of footings and depth of foundation for a brick 
pillar 40 cm. souare. The concentrated load carried by the column at the 
footinn (op is 15 tonne. The bearing capacity of the soil at the depth of 
foundation is 16 tonne/m*. The soil weights 1920 kg./m* and has an angle of 
repose of 30°. 

8. Designs B.CC. raft foundation for a 30 cm. thick brick wall 
carrying a load of 13 tonne/metre run at foundation level. The safe bearing 
capacity of the soil is 5’S tonne/m*. Also design the depth of the foundation 
for the above wall if the soil weighs 1760 kg./m* and has an angle of repose 
of 28°. 


9. Desicn a reinforced concrete foundation for a steel stanchion carrying 
an axial load of 40 tonne and is desired to be founded on loose soil having a 
safe bearing capacity of 5’5 tonne/m*. Also determine the depth of foundation 
if soil weighs 1760 kg/m* with an angle of repose of 30°. 

10. An R.CC. column of a framed structure office building carrying 
axial load of 81 tonne is to be provided with a R.C.C. footing. The column is 
to rest on a soil of bearing power of 16 tonne/m* at the depth of 1’5 m. below 
the general ground level. Design the footing and draw a neat sketch showing 
the arrangement of reinforcements. 

11. A steel stanchion carries a load of 122 tonne and has to be founded 
on a soil of safe bearing capacity 5 tonne persq. metre. Design R.C.C. base 
for this column and sketch a plan and section to show all details including the 
base connections of the steel stanchion. The steel stanchion is made of 
45 cm. x20 cm. heavy beam section. 

12 A 45 cm. square R.C.C. column carries an axial load of 101 tonne. 
Design an R.C.C. footing for the column to limit the pressure on the soil to 
8*33 tonne/sq. m. Sketch the reinforcement in the footing. Design for shear 
is not required. 

13. The ground floor R.C.C. column of a residential building, 76 cm. 

I diameter, carries a load of 244 tonne. Design the column footing, if the 

permissible soil pressure is 8'33 tonne per square metre. Assume the weight of 
the footing suitably. Permissible stresses are 

(i) Concrete—'70*30 kg./sq. cm. 

(ii) Tensile stress in reinforcing bar—1400 kg./sq. cm. 

(ill) Punching shear—8*4 kg./sq. cm. 

(iv) Adhesive stresses—7 kg./sq. cm. 

(v) Modular ratio—15. 

14. Design a reinforced concrete footing for a 38 cra.x38 cm. reinforced 
concrete column carrying an axial load of 71 tonne. 

Draw: 

(a) The plan of the footing, and 

(b) a longitudinal section of the footing. 
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The following data is given. 

(i) Safe bearing capacity of soil=10 tonne/sq> m. 

(//) Permissible stresses in concrete— 

Compressive stress in fiexure=50 kg./sq. cm. 

Shear stress =5 kg./sq. cm. 

Bond stress *=6 kg./sq. cm. 

Punching shear = 10 kg/sq. cm. 

(m) Permissible tensile stress in steel ==1400 kg./sq. cm. 

(/V) Modular ratio =15. 

15. A 23 cm. X 23 cm. R.C.C. column which is 6" I metre high carries a 
35 tonne load on top of it placed centrally. Design suitable R.C.C. lounaacions 
for the column if the bearing capacity of the soil is 3'33 tonne/sq. m. Show tne 
sketches giving reinforcement. 

16. Design a square pyramidal footing for a 45 cm. square column 
reinforced with 8 Nos. 25 mm. diameter longitudinal bars to carry a totai^axia 
load of 106 tonne, if the bearing power of the soil is 6‘66 tonne/sq. m. 

17. A reinforced concrete column of square section 38 cm. x 38 cm. is 
required to carry an axial load of 101 tonne. Calculate the longituciina 
reinforcement required. 

Also design a square R.C. fooling for the column and show by a neat 
sketch the dimensions of the footing and the arrangement of rciniorcemeni. 
Working stresses are given below: 

Steel stress—1400 kg./sq. cm. 

Direct compressive stress in concrete—53*2 kg./sq. cm. 

Bending strss in concrete—70 kg./sq. cm. 

Punching shear in concrete-10'5 kg./sq. cm. 

Modular ratio—15. 

Bearing pressure on soil =» 6‘66 tonne/sq, cm. 

18. A circular R.C. column 40 cm. in diameter transmits a load of 
130 tonne to the circular base which is to be founded on a soil having ® 
bearing capacity of 6 tonne/.sq. m. De.sign the circular oase and sketch tne 
details of reinforcement in the base slab. 

19. The load, transmitted on the R.C.C. footing by an R.C.C. 

43 cm. X A3 cm. consisting of 12—25 mm. diameter bars as vertical reintorce- 
ment is 81 tonnes. The bearing capacity of the soil on which the footing rests 
is 11 tonnes/sq. m. 

Design the footing assuming your own data and draw to 1 :24 . scale, 
plan and section of the footing showing clearly the reinforcement. 

20. Enumerate the general conditions of stability of a masonry structuro. 

A wall 90 cm. thick imposes a load of 50 tonne/m. on the concrete 
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footing at ground level. If the width of concrete is 120 cm. find the depth. 
The density of concrete is 2080 kg/cu. m. and that of earth is 1760 kg/cu. m. 
tan 0 = 0‘7 where 9 is the angle of repose of earth. 

(State Board of Tech. Education^ 1965) 

21. Design and sketch the details of foundation for 20 cm. thick brick 
plinth wall 90 cm. high above ground level and carrying on top a load of 13'33 
tonne/m. 

Assume, weight of brickwork as 1792 kg/cu. m. ; weight of concrete as 
2240 kg,/cu. m. and safe bearing capacity of soil as 11 tonne/sq- m. 

(A.M.I.E. May, 1966) 

22. Design and sketch the foundation for a brick square pillar 
625 mmx625 mmx3 m. high above ground level and carrying a superimposed 
load of 16 tonne The soil is soft and requires pilling. Timber piles 20 cm. 
diax6 m. long when driven in foundation pit at a depth of 1‘8 m. below ground 
level penetrate on average 10 mm per stroke for last few strokes when a monkey 
weighing 254 kg. was dropped from a height of TS m. Assume weight of brick 
work as 1792 kg/cu. m* and weight of concrete 2240 kg/cu. m. 

(A,M.LE. Nov., 1966) 

23. Sketch a suitable foundation for a wall of a building with the 
following data : 

(i) Type of wall : R masonry 45 cm. thick ; 

(//) Height of wall above ground level : 4‘0 ni. 

(«■/) Weight of masonry : 2200 kg/cu. m. 

(iV) Super-imposed load on wall: 12*5 T/m length of wall 
(v) Bearing capacity of soil: 27 T/sq. m* 

(/v) Angle of internal friction soil: 30 degrees 
(vii) Density of soil : 1800 kg./cu. m. 

(viV/) Assume the load of masonry below ground level as VSTIm. The 
sketch should be fully diamensioned. 


(A.M.I.E., Nov. 196.7 

24. Sketch the foundation for a brick masonry pillar 45 cm. square 
transmitting a load of 5 tonnes to the soil whose bearing capacity is II lonne/sq. 
m.; density 1920 kg./cu. m. and angle of re ose = 30 degrees. 

(A.M.I.E., May 1968) 
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Damp-Proof Course 

( 

4 1 Defiaition. A damp-proof course is a continuous layer 
of damp resisung material provided with the object of protecting the 
super-structure of a building against dampness. Dampness adversely 
affects the life of (he structures. It results in insanitary conditions 
a which may seriously affect (he health of the occupants. * 

4 2 Effect of Dampness. The various defects caused by 
dampness in the buildings may be summarised as below : 

1. Ti causes efflorescence which may ultimately result in the 
disintegration of bricks, stones, tiles, etc. 

2. It may result in softening and crumbling of plaster, 

3. It may cause bleaching and flaking of the paint with the 
formation of coloured patches. 

4. It may result in (he warping, buckling and rottinp of 

timber. ® 

5. It may lead to the corrosion of metals. 

6. It may deteriorate the electrical fittings. 

7. It promotes the growth of termites. 

4 3 Cause of Dampness. Absorption of moisture by the 
materials is one of the chief cause of dampness. On account of the 
granular nature of the materials, moisture finds an easy access through 
the voids and this aided by the capillary action assists the moisture 
to travel in different directions. Thus, either on account of bad 
workmanship or by use of defective materials, moisture may find 
its way on the interior either through the wall, floor or the roof. 

4*4 Sources of Dampness. The important sources of 
dampness may be summarised as below : 

1. Dampness rising through the foundation walling. Moisture 
from wet ground may rise well above ground level on account of 
capillary action. 

2. Splashing rain water which rebounds after hitting the wall 
surface may also cause dampness. 
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3. Kain water may pcrculate through roof coverings. Faulty 
eave course and eave gutters may also allow the rain water to 
descend through the top of the outer wall. 

The aim of the modern building designer should be to check 
the effect of dampness by providing proper damp proof course in 
appropriate places. While laying the damp proof course, the follow¬ 
ing points should be kept in view : 

1. The damp-proof course should be continued unbroken 
throughout the length and thickness of the wall. 

2. The base of the damp-proof course layer should be even. 
The uneven base will cause the recension of air voids between the 
base and the damp-proof course layer which is not desirable. 

3. The lap-joints should be scaled with bitumen. 

4 5 Methods of Damp-proofing. The following methods 
are generally adopted to prevent the defect of dampness in a 
structure. 

1. Membrane damp-proofing 

2. Integral damp-proofing 

3. Surface treatment 

4. Guniting 

5. Cavity wall construction. 

* _ 

(1) Membrane damp-proofing : This consists in providing 

a layer of a water-repellent substance between the source of dampness 



Fig. 4*1 Fig. 4‘2 
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and the part of the structure adjacent to it. In case of building 
without basements the best position for damp*proof course lies at the 
plinth level or in case of structures without plinth it should be laid 
at least 15 cm above the ground level. If the damp-proof course 
is laid just at the ground level, earth, dust or leaves might accumu¬ 
late outside the wall and by the passage of time the level of outside 
earth may be raised above the damp-proof course level. Thus mois> 
ture would easily be absorbed through the dust or leaves etc. into the 
bricks and the purpose of providing damp-proof course will not be 
served. 

(2) Integral damp-proofing : This method consists in 
adding certain water-proofing compounds into the concrete mix. 
Such compounds are available in market in powdered as'well as 
liquid form. Pudlo, Permo, Sika etc. are some of the many commer¬ 
cially made preparations of water-proofing compound commonly 
used. These are mixed with cement in specified proportions and the 
resultant concrete or mortar gets very dense impermeable and quick 
setting. Such mortars or concrete must be used quickly as owing to 
its quick setting properties, it will start setting partially before it is 
put in position. 


(3) Surface treatment. As described earlier, the moisture 
finds its way through the pores of materials used in finishing. In 
order to check the entry of the moisture into the pores, they must be 
filled up. Surface treatments consists in filling up the pores of the 
surface subjected to dampness. The use of water repellent metalic 
soaps such as calcium and aluminium oletes and stearates is much 
effective in protecting the building against the ravages of heavy 
rain. Bituminous solution, cement coatings, transparent coatings, 
paints and varnishes fall under this category. In addition to 
other surface treatments given to walls, the one commonly used 
is lime cement plaster. The wall plastered with cement, lime and 
sand mixed in proportions of 1 : 1 : 6 is found to serve the purpose 
of preventing the dampness from penetrating inside the structural 
walls. The plastered surface gets wet during rains and afterwards 
the soaked water gets evaporated leaving the wall dry. The coating 
of plaster, when wet, acts as a barrier to check the seepage. 

(4) Gnniting. This consists in forming an impervious layer of 
rich cement mortar for water-proofing the cxposeji-'^ncrcte surface 
or for resisting the water-pressure. In this process an intimate 
mixture of cement and water is forced through a machine named as 
“cement-gun” on the surface to be treated. Cement and sand are 
usually mixed in propoition of 1 : 3 to 1 : 4 and the mixture is shot 
by means of compressed air by holding the nozzle of the cement-gun 
at a distance of 75 to 90 cm. from the face of the wall. 
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(5) Cavity wall constmction. This consists in shielding the 
main wall of the building by an outer skin wall leaving a cavity in 
between the two. The cavity prevents the moisture from travelling 
from the outer to the inner wall. The cavity wall in detail has been 
described in chapter VI. 

4-6 Materials Used for Damp-proof Courses. The 

materials commonly used to check dampness may be divided into 
the following three categories : 

1. Flexible materials like bitumen sheeting, plastic sheeting 
(polythene sheets) etc. 

2. Semi-rigid materials like mastic asphalt. 

3. Rigid materials like first class bricks, stones, cement 
concrete, slates etc, 

4'7 Selection of Material for D.P.G. The choice of 
material to function as an effective damp-proof course rc^Juires a 
judicious selection. It depends upon the availability of the material, 
nature of the structure and the situation where D.P.C. is to be 
provided. Points to be kept in view while making selection of 
D.P.G. material are briefly discussed below. 

1. For D.P.C. above ground level with w'all thickness 
generally not exceeding 40 cm. any one of the type of materials 
mentioned above may be used. Cement concrete is, however, com¬ 
monly adapted for D.P.C. at plinth level. 38 mm. to 50 mm. thick 
layer of cement concrete of 1 : 2 : 4 mix serves the purpose under 
normal conditions. In case of damp and humid atmosphere, 
richer mix of concrete should be used. The concrete is furihcr 
made dense by adding water-proofing materials like pudlo, impermo, 
waterlock etc. in the concrete during the process of mixing. It is 
usual to apply hot bitumen over the dried surface of concrete D.P.G. 

2. For greater wall thickness or where D.P.C. is to be laid 
QYcr Ijirgc areas, such as floors, roofs etc. the choice is limited to 
materials like mastic asphalt or flexible sheeting of bitumen or plastic 
laid with joints properly lapped and sealdd. 

3. In parapet walls and other such situations material like 
mastic asphalt, bitumen felt and metal (copper or lead) are recom¬ 
mended. It is important to ensure that the D.P.C. material is 
flexible so as to avoid any damage or puncture of the material due 
to the differential thermal moments between the material of the roof 
and the parapet wall. 

4. In cavity wall construction, the cavity over the door or 
w indow openings should be bridged ( vtr by use of a D.P C oC 
flexible material like strips of lead, coj per, bitumen sheet, etc. 
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4’S Gonstracti<m of Boscmcat in Damp Ground. The 

hasement walls may be kept free from dampness by spreading a layer 
of impervious material like bitumastic felt or mastic asphalt over the 
whole area of the floor. The impervious layer is continued through 
the external walls extending vertically up and stopped at least 15 cm. 
above the ground level. The basement floor should consist of a 10 
to 15 cm. thick concrete base. This should be converted with two 



Fig. 4-4 


Fig. 4*5 
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layers of mastic asphalt applied over the entire area of the bate 
concrete. This damp-proof course layer is further covered by cement 
concrete flooring. The thickness of flooring should be at least 5 cm. 
and the concrete used must be blended with water-profing 
compounds. 

If the basement is subjected to hydrostatic pressure, the mere 
provision of continuous damp-proof course may not give satisfactory 
results. In such cases the basement should be relieved of the 
hydrostatic pressure by suitably draining the sub-soil water. Sub-soil 
water is drained by means of drainage-pipes laid with open joints 
below the concrete base slab and adjacent to wall footings as shown 
in the figure 4-3. The open joints easily permit the sub-soil water 
to be left in without the pipe getting clogged or closed by silt. The 
pipes are given a bed-slope so that the water is discharged in an out¬ 
let, outside the building from where the collected water is allowed 
to flow away in some natural drain or sewer. To be more efTcctive, 
the drainage pipes should be laid on a bed of gravel and covered 
with selected filter material. The gravel bed helps to accumulate the 
sub-soil water by seepage and perculate the same in the pipes. 

In some situations where the underground water pressure is 
severe, mere provision of drainage pipes or pumping out the sub-soil 
water may not solve the problem. The basement slab in such 
cases should be designed and properly reinforced to withstand the 
hydrostatic pressure safely. In some basement under high under 
ground water pressure, both wall as well as the floor slab have to be 
reinforced to sub-stain outside pressure. 

The external face of the wall is well grouted with water-proofed 
cement plaster. This forms the base for the asphalt layer which it 
continued from the basement floor and extended unbroken vertically 
up covering the whole area of the external wall face. This asphalt 
layer is further protected by an outer skin-wall. 

4‘9 Damp-proofing Treatment for Roofs. Damp-proofing 
treatments commonly adopted for different types of roofs are des'^ 
cribed below. 

FlaJt roofs. Flat roofs require relatively heavier and costlier 
water proofing treatment as compared with pitched or sloped roofs. 
The specifications of material used for the purpose should be such 
that it performs the function of waterproofing as well as to provide 
adequate thermal insulation. Stagnation of water on the roof is 
considered to be the root cause of leakage and dampness in flat roofs. 
This be avoided by providing adequate slope and rain water 
pipes. Tin case of R.C G. or R.B C. slab roofing, with proper 
grading above a slope of 1 in 40 to 1 in 60 is considered desirable. 
This may be achieved either by varying the thickness of the terracing 
material or by constructing the roof slab with a slope, or by providing 
part slope in the roof slab and part in the terracing material. 
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In addition to the slope the size and the spacing of the rain water 
pipes cr the outlets require due consideration for the proper drainaee 
of the roof. In general practice, one 10cm. diameter pipe Is 
consider^ suitable for every 30 sq. im. of the roof area to be 
drained, y 

In cases where slopes for the drainage of the roof are eiven in 
the roof slab itself or in situations were thermal insulation is not 
important and the problem of slopes in flat roof is tackled suitablv 
the water.proofing treatment for the roof may consists in laving 
bitumen felts directly over the surface of roof .slab after paintin/thf 
roof top with hot bitumen. The bitumen felt may be hessian baseH 
or fibre based. Depending upon the type of building, climatic and 
atmospheric conditions of the site, the treatment may be with four 
courses, six courses or eight courses. The four course treatment is 
recommended for moderate conditions whereas the six and eiirhf 
course ireatment are recommended for severe and verv seve 
conditions respectively. ^ severe 


The method of laying a four courses treatment 
divided with the following steps. 


may be broadly 


(«) Apply hot bitumen at the rate of 1-2 kg/m* on the roof 
surface. 


(6) Lay the hessian-base bitumen felt in single layer over 
hot bonding material laid in (o). Ihe end and Tide laps for 
the felt being not less than 100 and 75 mm. respectively. ^ 

•»* 

(d) Spread Pea-sized gravel or grit at the rate of 0 006 m* per 
square metre over the layer of hot bitumen in (c). ^ 

The other commonly adopted water-proofing treatment for flat 
roofs in the various regions of this country consists in providing a 
grading (terracirgl of selected materials over the roof slab In 
gei.eral, one of the following methods of grading is adopted to meet 
the requirements of water-proofing: 

Grading of lime concrete 
(6) Grading of lime concrete with, tiles 
(c) Grading of mvd phuska with tiles 

(o) Giodmff aj lime concrete. This lucihod of wattr-oroofimr 
cor...m .n laj.rg l „e ceners.e p.adiog (.ewaciog) ovor”^ 
slab. The piocess of laying may be split up in the following order : 

over ihe^7jf”®.l'iU‘' '0 cm. average thickness directly 

proper drainage of roof bcinff 
given to the lime concrete layer. K oemg 
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{it) Applying a priming coat of hot bitumen solution over the 
dried layer of lime concrete. 


{in) Laying bitumen sheets over the primed surface. 


In some places, the laying of bitumen sheets over the grading 
is not considered necessary and only the lime concrete is iinished to 
an impervious surface. This practice is common in some parts of 
Bombay and CalcuttaT^ 


{b) Grading of lime concrete with tiles. In case the roof is 
likely to be used for sleeping or other such purpose, the grading 
provided must be strong enough to withstand the wear and tear 
due to the traffic of the users. The lime concrete layer in such 
places is covered with two courses of brick tiles set in cement mortar. 
The following operations are generally involved in laying such 
grading: 


laminexffANsioMi 
JOINT TILLep 

with bitumen 


BACKINGS 


PLASTtK 

UWE CONCRETE 
FLAT TILES 

-SECOND COURSE Of FLAT T|L£« 
FIRST COURSE OF FLAT TILES 







m 


BBBBj 

Wk 

immwsi 

M 

pi 


LIME COKiCRETfi—1 
HOT BITUMEN PAINTINO 


Fig. 4’6 


(i) Painting the top of roof slab uniformly with a layer of hot 
bitumen spread at the rate of 1'71 kg. of bitumen per sq. m. of roof 
surface. 

(ii) Spreading immediately coarse sand at the rate of 0 6 cu.m, 
of sand per 100 sq. m. of roof surface, when the bitumen is still 
hot. 


{Hi) Laying lime concrete in an average thickness of 10 cm. 
The slope lor proper drainage of roof being given to the lime concrete 
layer. 

(ill) Laying two layers of brick tiles (with breaking joints) 
over the compacted layer of lime concrete, in cement mortar 1:3. 
The joints of the top course of tile being pointed with cement 
mortar 1 : 3. 
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Water-proofing of flat roof, by adopting this method, is very 
common in the southern region of this country. This type of 
treatment is best suited for buildings in hot and humid regions like 
Calcutta, Bombay and Madras. This is shown in Fig. 4'6. 


a mm ex PANS/ON 
JOINT fILLEP 

With bitumen 

FILLCB 


PtASTER 



eaiCK DRIP COURSE 

LIME concrete GOLA 
Mor BITUMEN PAiWTIN« 
TILE 

. i : . 1—I 


a . •«* . . - 

■■ - v - 

^ R.C.C. SLAB 
-MUO PHUSK/ 

e mm CEMENT PLASTER WITH A 
FLOATING COAT Of NEAT CEMENT 

AND FINISHED WITH A THICK COAT 
Of LIME WASH OR KRAFT PAPER 


Fig. 4*7 

(c) Grading of mud phuslca with tiles. This method of water¬ 
proofing flat roofs is best suited for hot and arid regions. It is 
commonly adopted in Delhi, Punjab, Rajasthan and U.P. and in 
other regions where the rainfall does not exceed 1000 mm. The 
various operations involved in this process may be divided in the 
following steps': 

(j) Painting the top of roof slab uniformly with a layer of 
hot bitumen spread at the rate of 1’71 kg. of bitumen per sq. m. of 
roof surface. 

{ii) Spreading immediately coarse sand at the rate of 0"6 cu.m, 
of sand per 100 sq. m. of roof surface, when the bitumen is still hot. 

(m) Laying 10 cm. thick (average) mud phuska prepared 
from puddled clay mixed with bhusa at the rate of 8'1 kg. of bhusa 
per cu.m, of clay, the slope for the proper drainage of roof being, 
given to this layer. The slope should not be less tlwn 1 in 40. If, 
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however, it is not possible to give the entire slope by the mud phuslui 
layer, a part of the slope required for the roof drainage may be given 
in the roof slab itself. 

{iv) Plastering the consolidated layer of mud phuska with a 
13 mm. thick coat of mud gobri mortar 3 : 1 (mud : 1 covvdung). 

(v) Laying tile bricks flat on the plastered surface and grouting 
the joints with cement mortar I : 3. This grading is illustrated in 
Fig. 4-7. 

4T0 Treatment to Parapet Wall. If the flat roof has a 
parapet and there are cracks in it or its plaster is very porous or 
defective, rain water may And an easy access to the wall below and 
make the wall and some portion of the tailing damp. Rain water 



Fig. 4-8--4-1I 

Figures s 1 owing dpmr-rooof trcaimcnt of the flat roofs with or 
w ithout parapet walls. 
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may also leak through cracks at the junction of the parapet and the 
roof slab. In cases where asphalt layer in provided over the grading 
material for the water proofing treatment to roof slab, the asphalt 
layer covering the roof is turned up against the parapet for a height 
of at least 15 cm. The parapet wall is further protected by provid¬ 
ing coping of brick, concrete or stone on its top (Refer Fig. 4’8-4Tl). 

In case the water proofing of roof is carried out by providing 
lime terracing, the layer of terracing is taken right upto the edge of 
the roof and a 15 cm. high rounded triangulated fillet is built up 
there. This is necessarily done to prevent the soakage of water 
through the parapet in case the rain water pipes get chocked up and 
the water stands on the roof. In addition a drip course is also 
some time.? provided over the lime gola to prevent water from 
parapet to fall directly over its junction with roof (Refer Fig. 4*7). 

4*11 Water-proofing Treatment for the Roofs of Multi- 
storeyed Buildings. In case of multi-storey buildings, thermal 
insulation is an equally important factor to be kept in view. This is 
achieved by increasing the thickness of the grading by using econo¬ 
mical and effective materials. The water-proofing treatment 
generally given to the roof of multi-storey buildings and other 
important structures may be divided in the following steps : 

1. Painting the top of roof slab uniformly with a layer of hot 
bitumen spread at the rate of 1*71 kg. of bitumen per .sq. m. of roof 
surface. 

2. Spreading immediately coarse sand at the rate of 0*6 cu.m, 
of sand per 100 sq. m. of roof surface when the bitumen is still hot. 

3. Laying cinder concrete 1 : 15 (1 cement: 15 cinder of 
13 ram. and down guage) in an average thickness of 15 cm, the 
slope for the proper drainage of roof being given to this layer. 

4. I.#aying 7*6 cm. thick layer of lime concrete over the con¬ 
solidated layer of cinder concrete. The lime concrete being prepared 
by mixing 50% of mortar consisting of lime and sand mixed in the 
ratio of 1 : 2 with brick ballast 25 mm. and down gAuge. 

5. Spreading a 13 mm. thick layer of cement mortar I : 3 and 
laying tile bricks flat and open jointed over the mortar. Finally 
grouting the joints in tile brick with cement mortar 1 : 3. 

4 12 Pitched Roofs. In case of sloping roofs the material 
used for roof covering, i.e. G.G.T. sheets, corrugated asbestor 
cement sheet, tile cladding etc. does not need water-proofign 
treatment if laid properly. However, in the case of sloped roots, 
valley gutters are the chief source of dampness. Hence, installation 
of ain water gutters require careful attention to their capacity, 
position ; fixing, water-tightness and accommodation for expansion. 
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or contraction. The gutters should be leak-proof and all the joints 
in the gutters should be made water-tight. Due provision should 



Figs. 4-12-413 

Damp-proof course treatment for sloped 
roofs of steel and wood 

be made for the expansion of gutters due to temperature variations. 
The work of laying roofing should be carefully supervised and it 
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STRIWG COUE.SL 
Fig. 4.14 


should be ascertained that the- 
tiles project beyond the edge of 
the gutter. Lead flashing should 
be continued upto the vertical 
face of the parapet wall and 
should stop inside the body of 
the wall. As in case of flat roof, 
the parapet wall should itself be 
protected by stone or brick cop¬ 
ing. The provision of damp* 
proof course layer in a lead 
gutter is shown in Figs. 4’12— 
413. 

If the architect wants to- 
provide a projection in the face 
wall to decorate the structure, a 
sloped junction should be stressed^ 
The junction should further be 
protected by a layer of damp- 
proof course, as shown in 
Fig. 4*14. 


4'13 SpeciBcation for laying 38 mm. thick damp-proof 
coarse with cement concrete 1:2 : 4 at plinth level 

I. The damp-proof course shall cover the full thickness of 
the wall. 


2. The base of the damp-proof course shall be clear, even 
and free from projections liable to cause damage to the D.P.G. 

3. The side shuttering shall be strong and so fixed that it 
does not get disturbed during compaction and the concrete slurry 
does not leak out. 

4. The conciete prepared by mixing ingredients in the 
proportion of 1 : 2 : 4 (1 cement: 2 sand : 4 stone ballast 12 mm. 
and down gauge) shall be of workable consistency. 

5. The concrete shall be laid and tempered roughly to make 
a dense mass. 

6. After 24 hours t)f its laying, the concrete layer shall be 
cured for at least seven days. 

I 

7. After curing is complete the surface shall be left to dry 
out to receive the coat of hot bitumen. 

8. The dried surface of concrete shall be properly cleaned 
with brushes and finally witli a piece of cloth soaked in kerosine 
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oil. Hot bitumen in specified quantity shall be applied uniformly 
all over the treated surface of concrete. 

4'14 Water Stops. Water stops arc provided to check 
the possibility of the leakage of water through a construction, 
contraction or expansion joint. Water stops arc installed in the 
joints during construction and they become a part of the structure 
itself. Depending upon their composition, water stops may be 
divided in following three categories : 

(i) Rubber water stops 
(it) Metal water stops 
(Hi) Mastic type water stojys. 

(i) Rubber water stops. Rub¬ 
ber type of water stops are made 
up form rubber or some similar plastic 
meterial and are manufactured in a 
variety of different forms such as 
dumbell type, centre bulb type etc. 

The water stops, should be properly 
bonded with the concrete to prevent 
its being lifted or blown up by water 
pressure. 


(ii) Metal water stops. Metal 

strips of steel, zinc, copper, bearing 
steel or other corrosion resisting 
metal. The metal strip is normally 
15 to 20 cm in width and 14 to 16 
guage thick* Half the strip width 
is embedded in the concrete on cither 
side of the joint. In case of expansion 
or contraction joints vvhen there arc 
chances of relative moment between 
the slab on either side of the joint, the 
metal strip is normally bent in the 
form of F in the middle, 

(wi) Mastic types water stops. The mastic type of water 
stop is made by poured in place mastic material consisting of 
commercially made compounds. Mastic type of water stops arc not 
suitable in places where intensities of pressure or thrust is more. 


-V— 

U) 

-U- 

k<i) 

Fig. 4*16 
Metal water stops 



K.'o) 

Fig. 4*15 

Rubber water s'ops 


water stops consists of thin 
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Fig. 4-17 

Sections showing different types of water stops embedded in concrete 



Qjuestions for Revision 

1. What arc common causes of leakage and dampness in flat roofs and 
what precautions would you take in new ouildings to avoid possibility of 
leakage ? 

{U.P. Service of Engineers^ Aug., 1961) 

2. <a) Discribed three different methods you know for water-proofing 
"Roofs and Terraces”. 

- „ . sketches and state what precautions you would take to make the 

following water-proof: 

{/) A pitched roof with valleys and gutters. 

{//■) A flat-terraced roof. 

.3 What do you understand by Damp-roof course ? Where it is placed 
m a building and why ? Write short specification on damp-proof course laying 
to brick masonry walls both in foundation and plinth and super-structure. 

(A.MJ.E., Nov., 1956) 
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4. What is meant by damp-roof construction and what are the materials 
used for the damp-roof construction ? 

« 

Describe, with sketches, how you would make a cellar'floor of a building 
which has a floor 2*4 m. below ground level, damp-proof. The sub-soil water 
level is 90 cm. below ground level, that is 1’5 m. above the cellar floor. 

(A.M.I.E., Nov., I960) 

5. Discuss the problem of drainage of foundation of residential and 
public buildings. 

How will you enssure water-proofing and damp-proofing of such building 
constructed in localities where water table rises quite high during the mansoorr 
season f 

Illustrate your answer with sketches. 

6. What are the visible signs of the action of dampness in a building 
and what precautions are necessary to avoid the same ? 


{A.M.I.E., Afay, 1964) 

7. An underground R.C.C. drinking water reservoir is proposed at a 
place having high sub-soil water level. What specification would you suggest for 
water-proofing treatement ? Explain in brief the specification of materials and 
also method of execution of the entire work. 

{Notional Diploma in Architecture, April, 1965} 

8. What is dampness ? What are its ill effects ? Explain with sketches 
how damp-proofing is done in buildings. 

{State Board of Tech. Education, 1965} 

9. {a) Indicate the type of water-piecfing trtatement you W'ould recom¬ 
mend for flat R.C.C. roof slabs in : 

(/) Hot and dry regions like Rajaslhans. 

(//) Hot and humid regions like U.P. and Andhra Pradesh. 

{Hi) Hot and very humid regions like West Cost and Assam. 

(/>) What points will you ensure before lying the water-proofing treatment 
with bitumen felt of a large building in a coastal region with annual rainfall 
exceeding 250 cm. 

{A.M.I.E., May, 1965} 

10. (a) What is damp-proof course ? Where and how is it used ? 

(6) Explain how you will damp-proof a‘basement floor 2‘4 m. below 
plinth level withlR.C. walls and R.C. floor slab over 7 6 cm. lean concrete. 
Height of plinth is 60 cm. above the ground level. 

{A.M.I.E., Nov., 1965) 

11. The floor of a basement is 3 m. below the ground level. The 

parmanent water table Jis 2 m. above the basement floor level. Draw a neat 
sketch showing the damp-proofing airangement for the external wail of the 
basment. {A^M.I.E., 1968) 

12. Describe in details the construction of a basement in a building to be 
used as a store. How will you ensure water proofing and proper ventilation V 
Draw a cross-section showing all the details. 


{A.M.I.E., Now, 1970) 
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Cavity Walls 


51 General. Cavity wall consists of two walls with a 5 cm. 
to 8 cm. cavity between them. The outer wall also known as outer 
leaf, consists of a 10 cm. (half brick) thick wall and the inner wall is 
sufficiently thick and strong to carry the imposed load safely. The 
minimum thickness of the inner wall is restricted to 10 cm. (half 
brick). The provision of a continuous cavity in the wall efficiently 
prevents the transmission of dampness to the inner wall. 

5‘2 Advantages. The advantages of the cavity walls may 
be summarised as below : 

(i) As there is no intimate contact between the two leaves 
except at the wall ties, there is no possibility of the moisture travel¬ 
ling from the outer leaf to the inner. 

(it) The layer of air in the cavity reduces the transmission of 
heat from the external face to the internal one and as such they are 
best suitable for a tropical country like India. Tests have revealed 
that cavity walls have 25% greater insulating value than solid walls. 

(iii) They have good sound insulation property. 

(tv) They arc economical. 

53 Position of Cavity. The cavity should start near 
ground level and terminate near eaves level in case of sloping roof 
or near coping in case of flat roof with parapet wall. The cavity 
should preferably start 15 cm. below the damp-proof course level. 
This has the advantage of draining any condensed moisture below 
the level of damp-proof course. The damp-proof course for the two 
leaves is laid separately although at the same level. This is necessary 
to continue the cavity below damp-proof course. The cavity is kept 
fully ventilated by providing air bricks in the external wall 
immedietely above damp-roof course. The air bricks should be kept 
90 cm. apart. Similarly, air bricks are provided near the top of 

the cavity. 

5-4 Wall ties. The two walls are tied together with metallic 
or terracotta ties to obtain structural stability. They arc spaced 



OAVITT WALLS 


159 


‘90 cm. apart horizontally and 30 to 45 cm. vertically in staggered 
positions. 

5'5 Gonstrucrtional Details. The constructional treatment 
g;iven to the cavity wall at the door or window openings requires 
-special consideration. 




Figures showing the various 
positions of cavity and the 
relative positions of damp- 
proof course layer. 


Since the object of cavity is to separate the two leaves, a 
vertical damjvproof course is essential to be provided when sealing 
the cavity at window and door reveals, as the openings can provide 
an easy access to the dampness to pass into the cavity. At the sill 
level it is always advantageous to keep the back of the sill flush with 
the back face of the external wall. In case of wooden sills a horizon^ 
tal damp-proof course is introduced under the timber still. The 
damp-proof course used should be flexible. 







Fig. 5-4-5-9 

Figure Showing different types of wall tics 



Fig. 5-10—5*12 

Sectional elevations of brick cavity walls .showing 
different types of wall ties 


At the top of openings of doors and windows, stone or brick 
arch or concrete lintel is provided to carry the structure above the 
opening. In order that this cavity may be continuous, the two walls 
should have separate lintels or arches. Sometimes a common lintel is 
provided for both the leaves as shown in Fig. 5’13. In such a case, 
an inclined strip of lead or any other flexible damp-proof course 
membrane is built so as to bridge over the cavity. The damp-proof 
course should extend lengthwise beyond the frame for a distance of 
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about 15 Cm 6ti either side. This treatment helps ici draining any 
condensed moisture beyond the side of the frame. 



Fig. 5*13--5*15 

Figures showing necessary treatment for cavity walls at door 
or window openings 
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In case of flat roof the cavity is continuous for the full height 
of parapet wall and sealed by the coping. In case of inclined roofs, 
cavity is closed at caves level. It is important to take special pre¬ 
cautions so that no mortar should fall inside the cavity during the 
process of construction. The treatment of cavity to parapet walls is 
shown in Figs. 516—5*18. If the cavity is to be continued to the 
coping level, the layer of damp-proof course should be laid 
continuous covering the full thickness of wall immediately below 
the coping. In case it is desired to stop the cavity at the mid¬ 
height of the parapet wall, damp-proof course layer is laid to the 
full thickness of the wall at level where the cavity joints the solid 
wall. 

Exposure of the two faces of a solid parapet wall may develop 
cracks due to temperature variations or on account of bad work¬ 
manship which may invite dampness. By constructing two separate 
wall thicknesses, this danger can be successfully overcome. Each 
wall thickness is exposed to the weather on one side and to the 
drying out condition on the other. In places of heavy rainfall when 
the storage capacity of the material used in the outer wall gets 
exceeded, the rain water finds its way into the cavity and harmlessly 
drained off at suitable points. Thus the cavity system of construc¬ 
tion is equally useful for parapet walls. The important precautions 
necessary to be observed in cavity wall construction arc given 
below : 

5 6 Frecautiona. (1) As far as possible there should be no 
intimate contact between the two leaves of the cavity wall. 

(2) The half brick thick leaf of the cavity wall should be 
constructed with stretcher bond. 

(3) The damp-proof course layer should be laid separately for 
the two leaves. 

(4) The horizontal damp-proof course layer should be laid at 
least 15 cm. above the bottom of the cavity. 

(5) The cavity should be properly drained and ventilated by 
providing wcep-holcs immediately below the main iiorizontal damp- 
pilflof course. In door or window openings the weep-holes should be 
provided above the damp-proof course. 

(6) The opening should be specially treated as described 
before. 

(7) It should be ascertained that the cavity is kept clear of 
droppings of mortar or brick rubbish etc. during construction. 

(8) Tics used should be rust-proof and should preferably be 
protected by galvanising. 

(9) Special attention should be paid to sec that the vermins or 
mosquitoes do not find access in the cavity. 
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Fig. 516—518 

Figures showing necessary treatment for a cavity wall at eaves 
level or at parapet wall level 
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Qjaestions for Revision 

1. What is the purpose of providing cavity walls ? What advantages 
cavity walls have over solid wall construction ? Draw a neat sketch of a cavity 
wall indicating the different treatments necessary for strengthening the two 
leaves of the wall at various levels. 

2. At what levels the cavity should be started and terminated in a cavity 
wall construction ? What adverse effect can take place if the cavity is started or 
terminated at random ? Draw neat sketches to justify your answer. 

3. What is the function of cavity in a wall ? What is the treatment 
necessary to be given in cavity wall construction, at sill or lintel level ? Draw 
neat sketches showing the treatment rendered for a window and door opening 

4. Explain with the help of sketches the construction of a cavity wall 
starting from the trench level to the caves level. Mention the necessary precau¬ 
tions at various stages of construction. 
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61 Shoring. The term ‘shoring* is applied to the construc¬ 
tion of a temporary structure required to support an unsafe structure. 

The main objects of shoring may be summarised as below : 

1. When the walls of a building develop signs of bulging or 
leaning outwards, shoring is necessary to prevent further develop¬ 
ment of the defects. 

2. When defective walls of a building are to be dismantled 
and rebuilt, shoring is resorted to for supporting the floors or roofs 
connected to that wall. 

3. Shoring is necessary to support the super-structure when 
large openings are required to be made in the main walls. Shoring 
may be essential to give support to the walls of two adjacent 
buildings when the intermediate building is to be pulled down and 
rebuilt. 

6-2 Types of Shoring. There are three different types of 
shoring : 

1. Baking shorts 

2. Flying shores 

3. . Dead shores 

1. Raking shores. This is a system of giving temporary 
support to an unsafe wall. The construction of raking shore also 
known as inclined shore varies with the conditions of site. In all 
cases wall-plate 23 cm.x5 cm. to 23 cm.x7'6 cm. in size is fixed 
against the unsafe wall with hooks. The wall-plate is further secured 
to the wall by means of needles. The needles which are 10 cm, X 
7’6 cm. in section penetrate inside the wall for a distance of about 
11 cm. In turn, the needles are strengthened by providing wooden 
cleats. The top end of the inclined rakers rest against the needles. 
At their base the rakers are supported by a sole piece bedded in an 
inclined position in the ground. The rakers arc secured to the sole 
piece by cleats and dogs. In soft ground the area of the sole piece is 
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increased so as to distribute the pressure over large area. In places 
where ipore rakers are provided, they are bound together by means 
of hoop iron or braces 2'5 cm. thick and 15 cm. wide. The inclina* 
tion of the outer raker to the ground should vary between 60® to 75®. 




CithT 




Fig. 6-3 

Racking shore'for'’multistoreyed 
building where inclination of the rackets has 
to be limited due to short land width available 

The sets of shores should be usually placed at 3 to 4'6 m. centre to 
centre along the wall length. 

(2) Flying shores. It is a system of providing temporary 
support to the party walls of two buildings where the intermediate 
building is to be pulled down and rebuilt. All typ£s of arrange¬ 
ments of supporting the unsafe structure in which the shores do not 
reach the ground come under this category. The flying shore consists 
of wall plates, needles, cleats, horizontal struts (commonly known as 
horizontally shores) and inclined struts arranged in different forms 
which varies with the situation. In this system also the wall plates 
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Flying shore ; when the distance between the two wall is considerable 
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are placed against the wall and secured to it. A horizontal strut is 
placed between the wall plates and is supported by a system of 
needle and cleats. The inclined struts are supported by the needle 
at their top and by straining pieces at their feet. The straining piece 
also known as straining sill is spiked to the horizontal shore. The 
width of straining piece is the same as that of the struts. 

When the distance between the walls (to be struted apart) is 
considerable, a horizontal shore cannot be safe and a trussed frame 
work of members is necessary to perform the function of flying 
shore. 

(3) Dead shores, (xhis is the system of shoring which is used 
to render vertical support to walls and roofs, floors, etc., when the 
lower part of a wall has to be removed for the purposes of providing 
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Fig. 6’6 
Dead shore 

an opening in the wallpr to rebuild a defective load bearing wall in 
a structure. The dead more consists of an arrangement of beams and 
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posts which are required to support the weight of the structure above 
* and transfer the same to the ground on firm foundations below. 

When openings in the wall are to be madej holes arc cut in the 
wall at such a height as to allow sufficient space for insertion of ihe 
girder that will be provided permanently to carry the weight 
of the structure above. Distance at which the holes arc cut depend 
upon the type of masonry and it varies from 1*2 m. centre to 1-8 m. 
centre. Beams called needles arc placed in the holes and are suppor- 
ted by vertical props called dead shores at their ends, on cither side 
of the wall. The needles may be of timber or steel and are of" 



Section and elevation showing arrangement of dead shores 
for making an opening in an existing wall 

sufficient section to carry the load above. The dead shores stand 
away from wall on either side so as to allow for working space when 
the needle and the props arc in position. The props are tightened 
up by folding wedges provided at their bases while the junction 
between the prop and the needle is secured with the help of dogs. 
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Before the dismantling work is started, all the doors, windows or 
other openings are well struted. In order to relieve the Mrall of the 
weights of floors and roof, they are independently^ supported. 
Vibrations and shocks are bound to occur when wall cutting is done, 
thus as a safety measure against overturning, raking shores are 
sometimes erected before the commencement of wall-cutting 
operation. 

6'3 Underpinaing. This term is applied to the building of 
new work underneath an existing structure without disturbing its 
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Fig. 6‘8 
irnderpinning 


Stability. This may be necessary to replace the defective foundation 
of a wall or to build a new foundation under the existing foundation. 
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Underpinning is done in short lengths of 1*2 m. to 1*8 m. Holes 
are cut into the walls at intervals and the entire load of the wall is 
supported by the needles which rest on sole pieces at ground level* 
The section of the needle depends upon the load to be supported. 
The needle may be a timber beam or a rolled steel joist. Thus the 
structure is held secured and the footings are relieved of the weights 
from the wall above. When the R.S.J. beams are used as needles, 
wooden bearing plates are inserted between the beams and the 
supported wall to avoid crushing of masonry. A pit of sufficient 
width to provide easy workability and of the required depth is 
excavated along the length of the wall. When the foundations of a 
wall are to be replaced, the section of wall is cut to a length of 90 to 
120 cm. and new work built. Again, the next 90 to 120 cm. length 
of wall is cut and rebuilt, thus the entire wall foundation is replaced. 
When long walls are to be underpinned, the work is started from 
the centre of the wall and progress is made sideways. The needles 
are removed only when the new work is completely set. 

6*4 Scaffolding. Scaffold is a temporary rigid structure 
having platforms raised up as the building increases in height. 
Scaffold enables the mason to work at different stages of a building 
and to hoist the materials for the immediate use at various heights. 

6’5 Types of Scaffolds. The following different types of 
scaffolds are in common use : 

1. Brick-layer's scaffold 

2. Masm's scaffold 

3. Steel or tubular scaffold 

4. Needle scaffold 

5. Wooden Gantries. 

(1) Brick-layer’s scaffold. It consists of ^^ttcal members 
called standards firmly secured in grounds at 2*4 to 3 m. apart. The 
standards are connected to each other by longitudinal horizontal 
members called ledgers at every rise of 120 to 150 cm. They are 
provided on the building side of the standards and are secured in 
position by rope-lashings. Transverse horizontal members called 
putlogs are lashed on the ledgers at one end and into the holes in 
the wall at the other end. Putlogs are 90 cm. in length and are 
generally spaced 120 cm. apart. They are provided to support the 
working platform. In high scaffolding, cross braces are used to 
stiffen the temporary structure. Braces consist of poles tied by 
rope-lashing on the standards. 
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Fig. 6-9 

View of bricklayer*s s< 9 frold 

(2) Masoii*s scaffold. Since it is difficult to leave holes in the 
stone masonry to provide bearing for the putlogs, in mason’s 
scaffold two frames of standards, ledgers and braces are used. One 
is plafsed close to the wall and the other at a distance of 1‘5 m. from 
the first one. Thus the mason’s scaffold is entirely independent of 
the stone wall. 

9 

Close mason’s scaffold : They are supposed to carry the loads 
of heavy blocks of stones and the stresses produced on account of the 
lifting device and hence they are made stronger by placing the 
standards at fairly close distance apart. 
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Fig. 6.10 

Mason's scaffolding with raking shore 


(3) Steel scaffold. The construction of steel scaffold is 
essentially the same as that of timber scaffold. In this the wooden 


members are replaced by 38 mm. to 
64 mm. diameter steel tubes and instead 
of rope-lashings, patent couplets are 
used for connectii^ different members. 
In this typeofscafmld the vertical tubes 
called upright or standards are spaced 
3 m. apart. Each standard is welded 
to a base plate, square or circular in 
plan. The base plate has holes so that 
it can be spiked to a timber or concrete 
base, thus forming a rigid foundation 
for the scaffolding. Ledgers or the longi¬ 
tudinal tubes connecting the standards 
are spaced at 1*8 m. vertically apart. 
Short tubes or putlogs are 1*2 m. to 
1*8 m. in length. The putlogs have 
special end of fit into the joints in the 
wall and thus no big holes are required 
to be left in the wall for their bearing. 
Tubular scaffolding has the advantage 
of rapid erection and dismantling. 
Tubular scaffolding, mounted on hogie 
wheels can be used for painting me 
walls, underside of roofs, etc. 



Fig. 6*11 
Steel Scaffold 
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(4) Needle ecaffold. When 
ecaifolding is to be provided for a 
building on the side of a busy street 
where the construction of ordinary 
scaffolding will obstruct the traffic on 
road, needle scaffold is used. The 
scaffold is erected from window 
corners or string courses by means of 
projection with needles. The needle 
is a timber beam which cantilevers 
out through the holes cut in the wall. 
From inside the needles are supported 
-on sole pieces and are prevented 
from lifting up by vertical struts 
wedged between the needles and the 
head pieces. The projected end of 
needle is supported by an inclined 
strut which rests on the window sill. 
The joint between the raking or 
inclined strut and the needle is clamp¬ 
ed by means of dogs. This arrange¬ 
ment provides the staging for erection 
of ordinary type of scaffold. 


Fig. 6*12 
Needle Scaffold 

(5) Gantries. There are two different types of wooden 
gantries : 

(a) Gantry toiih traveller or crane 

{b) Platform gantry. 

(a) Gantry with traveller or crane*: When the stone blocks 
used in the wall construction are too heavy, crane travellers have to 
be used. The framework of gantry consists of timber standards raised 
on either side of wall. Longitudinal membei^ called runners are 
fixed on the top of the standards, while at the bottom, the standards 
are fixed to common sole piece. Rails are fixed on the runners to 
carry the travelling platform. The travelling platform consists of 
trussed beams carrying lifting tackle, which can run on wheels on 
rails fixed on runners. This enables the travelling platform to move 
parallel to the wall along its length. 

Again the beams of travelling plateform have rails so that the 
lifting tackle can move in a direction perpendicular to the wall. 












176 


..BtTlLDlNO OON8TEXTOTION 


Thus the blocks of stones can be placed in any desired direction 
v^hile building the wall. 



Fig. 613 

Gantry with a traveller or crane 


(d) Platform gantry : This is needed for providing a Tworking 
platform above ground level and leaving the space below free from 
obstruction. This is adopted in the stone masonry construction as it 
can be used independent of wall. The gantry consists of vertical posts 
6xed to common sole piece at its base and to a head-piece at the 
top. The head*pieces support the joists on which working platform 
is laid. The entire frame-work is thoroughly braced and dogge^. 
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A 90 cm. high boarding is fixed on the outside of the gantry to 
prevent the material on the platform falling down. 



Fig. 6*14 
Platform gantry 

Questions for Revision 

1. (a) Explain with sketches what you onderstard by the terms 'under¬ 
pinning* and 'Shoring*. 

(b) It is proposed to form an opening 7*6x3 7 m. high in a front wall of 
an existing two-storey building with a steel beam supported by stanchions at 
both ends to support the load from above. The existing building is 24 m. x9 m. 
on plan. The floor to floor heights for ground and first floor respectively are 
5 m. and 3*7 m. Detail and explain briefly the method of executing the above 
work. 

Explain with sketches what you understand by the terms 'underpinning* 
and 'shoring*. 

• 

2. The roadside wall of a big hotel in 'Calcutta, situated in a very busy 
street, cracked dangerously right from the foundation to the third storey. It was 
oider^ to demolish tbe said wall and construct a new brick wall in its place. 
Show by sketches the various operations involved in carrying out the work with¬ 
out causing much dislocation to tbe traffic and ensuring the safety of the 
occupants. 

3. Write short note on : 

(/) Raking shore. 

(fi) Flying shore. 

(///) Dead shore. 

Draw neat sketches showing the position of the various shores in an 
existing building. 
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4' What are the types of scaffolding commonly used 7 Draw a neat 
sketch to illurtrate the difference between the various types giving short notes in 
favour of the sketches shown. 

5. What is the difference between a gantry and scaffolding ? Explain 
with sketches the difl'erent types of gantries used in building operation. 

6. How do the steel scaffold differ from timber scaffold ? Discuss the 
advantage of steel scaffold and suggest the type of scaffold you would recom¬ 
mend in the construction of a four-storeyed public building. 

7. Write short notes on : 

(0 Needle scaffolding. 

(//) Tubular scaffolding. 

(/V<) Gantry. 

8: Describe in detail the essential components of raking shore showing 
neat sketches to illustrate your statement. 

9. It is proposed to raise one more storey on an existing three-storey 
building. No provision for future extension was made in the design of founda¬ 
tions of the said building. Explain with sketches the operation of new construct- 
tion, including the process of strengthening of the foundation. 

10. An opening of size 3 m.x4*6 m. is to be provided in a solid brick 
wall above which there are two floors. What measures do you propose and how 
do you go ahead with the work ? Recommend the type of lintel you purpose 
to provide above the opening. 

11. In a br ek masonry-wall building five-storeyed high, outer walls on 
the ground floor in between shop-doors have developed Cracks below the floor 
beams at the first floor level. Show, by neatly drawn sketches, how you would 
rectify the and strengthen the structure so as to make it safe ? 

12. What do you understand by the terms 'under-pinning* and 
'shoring* ? Explain where these operations are made use of and why. Give 
sketches. 

13. Describe how will you provide a 1*2 m. wide door opening in a 
38 cm. thick load carrying wall of an old building. 

14. (a) Describe with sketch the method of timbering in a trench of size 
1*8 m. deepxi'2 m. wide for laying underground sewers in moderately firm 
ground. 

(6) State how will you provide a steel joinst in place of an old rotten 
timber beam supporting burga tiled roofing. Sketch the details and mention all 
precautions to be taken. 

15. Describe briefly with necessary sketches method of under-pinning 
used in foundation work of a building. 
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71 Definition. The construction of stone, brick or tile, 
which is hardened by heat, is termed as masonry. It may also be 
defined as construction of building units bonded together with 
mortar. I’he characteristics of brick and stone, i.e, compressive 
strength, fire resistance, and durability, are responsible for their 
usage in masonry construct! >n. Masonry can be divided into two 
main classes, i.e. stone masonry and brink masonry, 

7 2 Comparison between stone masonry and brick 
masonry 

(1) From times immemorial, stone has been used both for 
residential as well as public buildings. Historical building that stand 
today are the living examples ^ of the strength, durability and the 
excellent weather-resisting qualities of stone masonry. Brick on the 
other hand has much less strength, durability and weather-resisting 
qualities. 

(2) On account of its high crushing strength stone is used in the 
construction of piers, docks, dams and other marine structures. 
Brick, on the other hand, is not considered suitable in all such 
places. 

(3) Shining texture of good class of stone masonry requires 
no treatment to enhance its appearance. On the other hand, plaster¬ 
ing is necessary to conceal the defects in brick masonry. 

(4) In buildings of monumental * nature, where architecture 
requires heavy mouldings with large projections, stone is best suited, 
brick being suitable for light ornamental work. 

(5) Bricks when exposed are liable to get damp which may 
ultimately lead to the disintegration of the masonry. Stonework on 
the other hand suffers from no such danger. 

(6) Certain salts present in the sewage, react chemically with 
exposed brick and as such when brick-work happens to come in 
contact with urine or sewage it is always plastered. Stone on the 
other hand can be used in such places without providing any pro¬ 
tective coat. 
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(7) On account of the high cost of stone masonry, its usage is 
generally restricted to hilly areas or stone districts ; bricks on the 
other hand are easily available and the masonry constructed with 
bricks costs much less. 

(8) First class bricks prossess all such qualities which are 
required for a good construction and hence brick masonry ha* now 
practically replaced stone masonry. 






Fig. 71~Fig. 7-8 

Bricks moulded in different shapes 

(9) On account of their regular shape and size, bricks afford 
great facility in maintaining proper bond in the masonry. It also 
results in quick construction. On the other hand, in stone masonry, 
the process of dressing and placing stones.rcquires a great deal of 
time and extra labour. 

(10) For the construction of jambs of doors and window and 

for the walls meeting at obtuse or acute angle, bricks offer greater 
facility than stone. ^ 
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(11) Bricks can be conveniently moulded into any desired 
shape at reasonable cost while the expense of the moulding of stone 
work is far more than that of brick. 

(12) Skilled labour is required for a good stone masonry cons* 
truction because the defects left by a careless mason cannot be 
rectified easily, while in brick masonry the defects of a careless brick¬ 
layer can be concealed by plastering. 

(13) On account of their convenient size and light weight, 
bricks require no lifting tackle while in stone masonry the large 
blocks of stone have to be kept in position with the aid of some lifting 
device. 

(14) Brick walls can be easily built in small thickness of 10 cm. 
and 20 cm. while the minimum thickness of a stone wall is generally 
restricted to 38 cm. 

(15) Brickwork is more fire-resisting than stone work. 

Both the brick masonry and the stone masonry are further sub¬ 
divided into a series of categories. Before dealing with them in 
detail it is considered desirable to get acquainted with the technical 
terms used in masonry. 

7’3 Technical terms used in masonry. The terms which 
are in common use in masonry have been defined below : 

(1) Header: It is a full brick or stone which is laid with its 
length perpendicular to the face of the wall. Thus the brick laid as 
header will show its face measuring 10 cm.x 10 qm. on the face of 
wall. In stone masonry header is sometimes termed as through 
stone. 


(2) Stretcher : It is a full brick or stone which is laid with its 
length parallel to the face of the wall. Thus a brick laid as stretcher 
will show its face measuring 10 cm. X 20 cnj. on the face of the wall. 

(3) Bo7id : It is a term applied to the over-lapping of bricks 
or stones in a wall in alternate courses, to bind the whole wall 
together. Bonding is essential to eliminate continuous vertical joints 
both in the body as well as on the face of wall. 

(4) Course : An horizontal layer of bricks or stones is termed as 
a course. Thus in brick masonry the thickness of a course will 
generally be equal to 10 cm. plus thickness of one mortar joint. 

(5) Header course : It is a course of brickwork entirely com¬ 
posed of headers. 
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(6) Streichtr course : It is a course of brickwork in which all 
the bricks are laid as stretchers. 
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Fig. 7-9 

(7) Bed : It is a term used to indicate the lower surface of 
bricks or stones in each course. It may also be termed as the surface 
of bricks on which it rests. 

(8) Jface : The surface of a wall exposed to weather is termed 
as face. 

(9) Facing : The material used in the face of the wall is 
known as facing. 

(10) Bacfc : The inner surface of wall which is not exposed to 
wheather is termed as back. 

(11) Backing : The material used in forming the back of the 
wall is known as backing. 

(12) Hearting: The portion of a wall between facing and 
backing is termed as hearting. 

(13) Joint: The junction of two or more bricks or stones is 
called joint. Joints may be of cement mortar or of lime mortar. 
Joints parallel to the bed of bricks or stone in a course are termed as 
bed joints. Thus the pressure always acts normal to the bed joints. 
The joints which arc perpendicular to the bed joints are termed as 
vertical joints or simply joints. 

(14) Raking hack : The process of stopping the unfinished end 
of a wall in stepped fashion. 

(15) Bed : It is the portion of a brick cut across the width or 
a brick cut by some fraction of its length. 
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(16) Cloaer ; It is a portion of a brick cut in such a manner 
that its one long face remains uncut. 

(17) King closer : It is a brick which is cut in such a way 
that the width of one of its end is half that of a full brick. It is 
formed by cutting off the triangular piece between the centre of one 
end and the centre of one side. 





HAtr EAT HIMG CLOSER 





HALF & aUARTER QUCEN 
CLOSERS 


BLVELLCD CLOSER 





bevelled bat 


MITRED CLOSER 


Fig. 710—717 

(18) Queen closer : It is a term applied to a brick which is half 
as wide as a full brick. Queen closer is made by cutting a brick 
lengthwise into two portions. 
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(19) Bevelled closer : It is similar to king closer with the only 
difference that the whole length of the brick is bevelled for main¬ 
taining half width at one end and full width at the other. 

(20) Mitred closer ; It is a brick whose one end is cut splayed 
or mitred for the full width. 

(21) Perpend : It is a vertical joint on the face of a wall 
directly over vertical joints in alternate courses. 

(22) Frog : It is a depression on the top face of a brick. Frog 
provides a recess for the mortar which on setting forms a key and 
prevents the displacement of the brick above. 

(23) Quoin : The exterior angle or corner of a wall is termed 
as quoin. ' The brick or wedge shaped stone used for the corner of 
walls is also known as quoin. 

(24) Plinth : The horizontal projecting course of stone or 
brick provided at the base of the wall above ground level is known 
as plinth. It raises the level of the ground floor of the building above 
the natural ground level and incidentally protects the building from 
rain and other weather effects. 

(25) Plinth course : It is the topmost course of plinth and is 
finished flush with the ground floor surface. 

. (26) Sill : It is a horizontal member of brick, stone, concrete or 
wood provided to give support for the vertical members of a wooden 
window. It is also employed for the purposes of shedding off rain 
water from the face of wall immediately below the window opening. 

(27) Jambs : The vertical sides of a finished opening for door, 
window or fire-place etc. are termed as jambs. Jambs may be plain 
or rebated or splayed. 

(28) Reveals : Reveals arc the exposed vertic al surfaces left 
on the sides of an opening after the door or window frame has been 
fitted in position. 

(29) Lintel : A horizontal member of stone, brick, wood, iron 
of R.C.C., used to.support the masonry or load above an opening. 

(30) Arch : A mechanical arrangement of wedge-shaped 
blocks of stone or brick arranged in the form of a curve supporting 
the masonry or load above an opening. 

(31) Stringcourse: It is a horizontal course of masonry 
projecting from the face of the wall and is generally at every floor or 
sill level throughout the length of the wall. It is intended to improve 
the elevation of the structure. 
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Figs. 7-18-7'19 


Plain and splayed jambs 

(32) Cornice : It is a horizontal moulded projection provided 
near the top of a building or at the junction of a wall and ceiling. 
It not only increases the architectural beauty of the structure, but 
also serves as a barrier for shedding the rain water off the face of the 
wall. 

(33) Frieze : It is a course of stone provided immediately 
below a cornice. This may be flushed with the wall or may be 
moulded. It is intended to add to its appearance. 

(34) Blocking course : It is a course of stone masonry provided 
immediately above the cornice to check the tendency of the cornice 
to overturn and incidentally adds to its appearance. 

(35) Parapet : It is a term applied to a low wall built round 
a flat roof to act as a protective solid balustrade for the users of the 
terrace (flat roof). In pitched roof p'arapet wall is provided to 
conceal the gutter at eaves level and for imparting an architectural 
effect to the structure. 

(36) Coping : Coping is a covering placed on the exposed top 
of an external wall. It is essentially provided to prevent the seepage 
of water through the joints of the topmost course of «rall. It may be 
of concrete, .stone, brick or terracotta. 

(37) Toothing ; Bricks left projecting in alternate courses for 
the purposes of bonding future masonry work. 

(38) Weathering and throating : Weathering is the term applied 
to the bevelled top surface of a stone. Bevelling or sloping of the 
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surface^ is ^ necessary to enable the rain water to flow off the surface. 
Throatii^ is the term applied to the groove cut on the underside of 



Fig. 7-21 

Diflerent forms of stone copings 



Fig. 7-22 

Different forms of brick copings 


a projecting course of masonry 
in order to check the creepage of 
rain water on the underside of pro¬ 
jected portion. If the rain water 
is not intercepted by such groove, 
it will spread across the bottom of 
the projected surface and will 
finally start flowing along the 
vertical surface of the wall, making 
it damp. 

(39) QahU : It is a triangular 
shaped portion of masonry at the 
end of a sloped roof. 

(40) Through aloiM ; A stone 
passing through a wall from front 
to back face and acting as a blinder- 
for the two faces of the wall is 
termed as through stone. 


OVER LAP-15 <:«>• 



Fig. 7-23 

Section of a stone wall showing 
through stone 
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(41) Indenting ; The process of leaving recesses in masonry 
into future work can be bonded. 


(42) Template or bed block : Block of stone of designed 
dimensions used under a beam or grider to distribute the concen¬ 
trated load at the end of the beam or grider over a greater area of 
bearing surface. 

(43) Spalls : Chips 



or small pieces of stone 
broken off a large block 
are termed as spalls. They 
are used in filling the 
interstices in stone maso¬ 
nry. 

(44) Column : It is 
an isolated vertical load 
bearing member whose 
width does not exceed four 
times its thickness. 

(45) Pier or pilaster : 
It is a veitical member of 
stone or brick masonry con¬ 
structed to support an arch, 
beam, or lintel etc., the 
width of which exceeds 
four times its thickness. 


Fig. 7*24 

Different forms of buttresses 


Generally they are made 
monolithic with the walls 


for the purpose of 



DIFFERENT TYPES OF CORBELS 
Fig. 7-25 
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increasing the stability and stiffness of n/aii ^ 
vertical concentrated loadr. 

(46) Buttress : It is similar to a pier built in fh#. w«?i • 

Its stability. It need not always extend to full height of the wall”” 

brick oJ^f™1‘V™miLe*L*e‘“fLf Th 

whi^h is^^generaUy ornamental in shape serves^'If-” 


STONE MASONRY 

7-4 Dressing of stone. Building stone has 



to be quarried out 




Fig. 7*26 Tools and implements used in dressing of stone 
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from the rock formation before it can be put to use. The quarry 
of stone may be done either by hand tools or with the help of 
explosives. In large quarries, machines have to be used for the 
purpose. Rough blocks of stone, as obtained from quarry, arc 
irregular in shape and non-uniform in size and as such they cannot 
be used in masonry without proper dressing and cutting. The 
dressing of stone is done at the quarry itself, because stones when 
freshly quarried contain some moisture called “gwatry sap” and in 
this state they are softer and can be easily worked. 

Moreover, the local workmen arc well expciienced in the art 
of dressing. 


t 


9 ^ G 




Fig. 7-27 

(1) Pitching tool; (2) Punch ; (3) Chisel ; (4) Chisel 
<S) Toothed chisel ; (6) Claw chisel ; (7) Jumper ; 

(8) Drag; (9) Mal'et ; (13) Saw for soft stone ; (11; Cross¬ 
cut saw. 
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Quarry dressed stones are thus economical and the reduced 
■weight of the dressed blocks result in still further economy in trans¬ 
portation and handling costs. 

The commonly used tools and implements for the cutting and 
dressing of stone blocks are shown in Figs, 7.26-7.27. The stones 
are dressed in a variety of finishes which depend upon the types of 
masonry and the kind of stone. The different types of surface finishes 
are described below, 

(1) Hammer dressed or Quarry-faced surface. This is the 
roughest form of surface finish. Stone as removed from the quarry 
has large projections which are knocked off with the quarry hammer 
and it is finally broken up into blocks of suitable size and shape 
such as khandki, quoin, or rectangular blocks. The faces of the 
blocks are roughly planned and the stone is rendered suitable to 
be used in masonry. When used in a wall, the roughly finished 
surfaces are further modified by forming a 2 cm. to 5 cm. wide 
margin about the edges of the exposed face. 

(2) Rough tooled surface. In this type of surface finish the 
projections of the stone block are removed by means of chisels and 
the surface is nearly dressed true. The corners and the edges arc 
made accurate, chisel-draughted margins sunk and the side and 
bed joints roughly treated to ensure proper bonding. 

(3) Tooled surface. In this type of surface finish continuous 
parallel chisel marks are produced throughout the width of the 
■stone. The parallel corrugations or chisel marks are made at closer 
intervals rendering the surface truly planned. Different types of 
tooled finishes are obtained by use of different chisel and marking 
patterns. The various forms of tooled surface finishes as shown in 
Fig. 7*28. 

(4) Gut stone surface. In this type of surface finish, the 
surface is dressed by using a sharp chisel so that the chisel marks are 
practically imperceptible. It is considered superior to tooled surface. 

(5) Rubbed surface. This type of surface finish is obtained 
by grinding or rubbing a cut stone surface by hand or machine until 
it gets perfectly smooth. 

(6) Polished surface. The rubbed surface of granite, marble 
or lime-stones are polished to enhance their texture. Polishing may 
be done by manual labour using sand and water, pumice stone etc. 
or by rubbing machine. 

7 5 Selection of surface finish. The important factors 
influencing the selection of a particular type of surface finish are ; 
The position of the stone and its function in the structure ; the archi. 
tectual effects ; the type of stone ; the atmospheric consideration 
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and the finance available. Hammer-dressed and quarry-faced surface 
finish is best suitable hr random rubble and coursed rubble masonry. 
Rough tooled surface and tooled surface are suitable for exposed 
surface. Polished finishes are used where absolute cleanliness is 
desired i.e. for hospitals, bath-rooms, etc. 



StUBBLP . SURFACE. POLISHED SURFACE.. 


Fig. 7*28 

Different types of surface finishes 

7‘6 Setting of stone work {Lifting itppliancea). The process 
of placing a stone in its position in masonry construction is termed as 
**Setti7ig”. On account of its weight and size, lifting appliances are 
necessary for the setting 'of stone. The stone block. is held by 
suitable means and is hoisted in position. Fqr bigger block of stOMs 
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a derrick or a gantry is used for its lifting and placing purposes. 
The various appliances used for lifting stone blocks are described 
below 


(1) Lewis. There are many kinds of Lewis, the most com¬ 
monly used are pin lewis, chain lewis and three legged-lewis. 

Pin lewis : It consists of a pair of steel pieces put into the 
inclined hole made in the stone block. The steel pieces are attached 
to a chain or rope. When the stone is hoisted the attached chain or 
rope gets stretched and the steel pieces get jam in the hole and are 
then prevented from coming out. 




Fig. 7.29—7-30 
Pin lewis 

Chain dog ; chain lewis : In this type of lifting tackle, hooked 
pieces called dogs are used for lifting stone. The hooked end 



Fig. 7-31 
Chain dog 



F'g. 7.32 
Chain lewis 
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of the dogs are fitted into the 18 mm. deep hole punched in the 
centre of each side 7*6 to 10 cm. below the top face of the stone. 
The dogs are connected to the hoisting chain which enables the 
stones to be raised. When the chain is raised, the dogs get tightened 
and permit the lifting of stone. In another from of chain lewis a 
dovetailed hole is made in the centre ot the top surface of stone. 
The curved steel legs are inserted in the hole and are inter-connected 
be means of three steel rings, Hoisting chain is attached to the 
topmost ring while lifting the stone. 

Three-legged lewis : This lewis consists of a system of a rect¬ 
angular piece of steel with two dovetailed steel pieces on either side 
of it, a shackle at the top and a round steel pin connecting these 
components together. A dovetailed hole is made in the stone first. 
The dovetail steel pieces are inserted in the hole and the rectangular 



Figures showing different stages in fixing the three-legged 
lewis in a stone block 


steel piece is then driven between them. The shackle is held in 
its position and it is secured to the three pieces by means of the 
round steel pin. When the stone is lifted, the lewis gets tightly 
fitted in the stone permitting the stone to be raised. 

Modified form of three toggl’d lewis : A modified form of the 
Bbove lewis consists of a wedge-shaped block which can freely slide 
between two steel plates placed against the tapering sides of the 
wedge-shaped hole made in the centre of the stone top. The steel 
plates are connected to each other through two pieces placed on 
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either side of the plates 
on the stone cop and 
hinged to them. The 
wedge-shaped block has 
an eye for fixing the 
hook of the hoisting 
chain. When the stone 
is raised, the lewis on 
account of its shape 
does not allow the stone 
to slide down. 

Fig. 7 38 illustra¬ 
tes a lewis, which is 
commonly used for 
lowering and setting 
stone under water. The 
wedge-shaped steel piece 
is inserted hrst and 



Fig. 7-37 

Modified form of three-legged 
lewis 


the rectangular straight 

piece is placed next in the hole made in the centre of the stone top. 
It is obvious from the shape of the lewis that when it is lowered 
down, the slant side of the dovetailed piece will prevent the slant 
side of the whole from permitting the lewis to get loosened. 



Fig. 7*3S Fig. 7*39 


IF&rm of lewis used for lowering stone block Nippers 

(2) Nippers. This is another device for lifting stones. The 
p ointed ends of the nippers are inserted in the holes made a little 
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below the stone top face and on account of the fixing arrangement of 
nippers, they permit the raising of stone. 

7*6 Joints in Stone Masonry. The various types of joints 
commonly used in stone work are described below : 

(1) Butt joint This joint is formed by placing two stones side 
by side. 



(2) Rebated or lapped joint : This joint is usually provided for 
stone laid on slopes to prevent the movement of one stone over the 
oihtr by sliding. 



Fig. 7-41 

Different forms of rebated joints 



Fig. 7'42 

Bed joggle or tabled joints 




MASOMBY—STONE MASONRY 


197 


(3) Table joint : Its i'unction is similar to that of rebated or 
lapped joint. 

(4) Cramped joint : The function of cramp which may be of 
slate or any metal, is to prevent the tendency of the joint to be 
pulled apart. 



RICH CtMEHT MORTAR 
IRON CRAMP 
LEAD 



Fig. 7-43 
Cramp joint 

Wrought iron cramps may also be used, but they must be 
dipped in oil while hot or galvanized to prevent them from corrosion. 
The cramp, it may be of any metal, should be completely encased 
with lead, cement or asphalt. 

Plug joint ; Plug joint is an alternative of cramp joint and 
consists of plug holes, made dovetail-shaped in plan, and cut below 
the top surface of stones. The stones are jointed by fitting the holes 
with cement lead. 



Fig. 7-44—7*45 
Diflerent forms of plug joint 

Dowel joint ; This type of joint ensures stability of the 
components against displacement or sliding. The dowels may be of 
slate, gun metal, copper or brass. They arc^ generally set in cement 
mortar. 
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Fig. '^—7*47 
Dowel joint 

Joggle joint: To prevent sliding along the side joints, joggle 
made up of metal or slate is placed in between the groove between 
the two adjacent stones. 



MOULDtO MIMT, Vtt & CMA.MNLLLLO JOINT. 


Fig. 7-48-7-52 
Rusticated or rebated joints 

Rusticated or rebaied joint. This type of joint is frequently 
used in plinths or masonry in lower storeys of buildings to give the 
structure massive appearance. 

7*8 General Principles to be Observed in Stone Masonry 
Construction 

(1) Stone used in a good masonry should be well seasoned, 
hard, tough, compact grained and uniform in texture. 

(2) Stone masonry may be constructed in mud, lime or cemept 
mortar above plinth level, but in damp-proof construction^ on 



MASONBl —STOKB MASOBBT 


199 


water-logged site or in basements, hydraulic lime or cement mortar 
with surkhi should be used in foundation and upto plinth level. 

(3) In stone masonry construction all stones should be laid 
upon their natural bed (construction of corbels, and other such 
projecting course are exceptions), so that pressure on each stone is at 
right angles to its laminations. Natural bed of stone is the term 
applied to the original position occupied by the stone during its 
formation. Corbels, cornice, string courses and other projecting 
courses are built by so placing the stones that their natural bed is 
parallel to the face of the supporting wall. 

(4) Proper bond should be maintained throughout the masonry. 
The construction should be well supervised. 

(5) The facing and the backing of the wall should be well 
bound by through stones. They should be laid staggered in the 
successive courses and kept apart with their centre to centre distance 
not exceeding 1*5 m. 

(6) Quoins used to form the jambs for door or window 
openings should be of the full height of the course. The breadth of 
the quoin should be at least 1|^ times the depth of the course and its 
length should be at least twice its depth. 

(7) As far as practicable, the whole of the masonry in any 
structure should be carried up to the same uniform level throughout, 
but where breaks are unavoidable, the joint should be left in good 
long steps so as to allow a proper connection between the old work 
•nd the new work. 

(8) The hearting of the masonry should be properly packed 
with chips (spalls) and mortar to avoid hollows being left. 



1 



1 
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Fig. 7*53—7*54 


(9) The joints should not be too smooth to loose friction. 
The bed joints should not be dressed hollow. Such joints may 
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concentrate the uniform loading at certain points and finally result 
in cracks in stone work. Refer Figs. 7*53—7'54 for explanation. 

(10) The verical surfaces should be constructed' truly vertical 
and checked with plumb rule. Similarly, the battered surfaces 
should be checked with a wooden template and a plumb for the 
correctness of the slope. 

(11) Stones to be used in the work should be well-wetted 
before use 

(12) The masonry should not be subjected to tensile stresses. 

(13) When it is desired to construct over old or dry surface, it 
should be well cleaned and wetted before starting construction. 

(14) The exposed joints in stone masonry should be properly 
pointed. This is done by raking the exposed joints to a depth of 
2 5 cm. and filling them with cenient or lime mortar. 

(15) The entire work should be well cured, i.e. it should be 
kept well-wetted for at least two weeks. 

7 9 Clarsification of Stone Masonry. Depending upon 
the degree of refinement used in shaping the stone, the finishing 
adopted and the arrangement of the stone in the construction, stone 
masonry can be broadly classified in the following two types: 

(1) Rubble 'inasonry 

(2) Ashlar masonry 

710 Rubble Masonry. It is further sub-divided in the 
following categories : 

{a) Uncoursed rubble masonry 

(6) Random rubble masonry 

(c) Coursed rubble masonry 

{d) Dry rubble masonry. 

(a) Uncoursed rubble masonry. This is the poorest form 
of stone masonry. The stones to be used for the work are directly 
obtained from the quarry, after merely knocking off weak corners 
and edges with the mason’s hammer. The stones arc carefully laid 
so as to break joints as much as possible. To avoid thick joints, 
chips of stone or spals are wedged into the hearting. The face stones 
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selected from the heap should have uniform colour, good beds and 
greater size. One-fourth of the face stones should tail back in the 



ELLVATIOM StCTlOH 


Fig. 7*55 

Random rubble masonry (uncoursed) 

hearting in the form of headers. Bond stones provided to interlock 
the two faces should extend up to the full thickness of wall if the 
wall is less than 60 cm. in thickness. For wall thicker than 60 cm. 
a line of headers overlapping each other for a length of at least 
15 cm. are laid right through the wall. The quoins are chisel or 
hammer dressed and are laid as header and stretcher alternately. 
In this work the thickness of joints should not exceed 13 mm. 

(&) Random rubble masonry. This form is slightly superior 
to uncoursed rubble masonry. In this form the stones used in the 
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Fig. 7-56 

Random rubble masonry 
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work are hammer or chisel*dressed. The stones arc not suitably 
shaped or finished and as such the elevation of this type of masonry 
shows irregular shaped stones with non>uniform joints. In a good 
work the face stones arc of uniform colour and approximately equal 
in size. The height of stones should not be greater than their 
breadth or length of tail into the work. 

At least one fourth of the face stones should tail back into the 
hearting for ensuring proper strength to the work. The quoins and 
the through stones are provided in a similar manner as described 
above. The thickness of joints should not exceed 13 mm. 

(c) Coursed rubble masonry. This is the form which is 
commonly adopted in the construction of residential buildings^ 



Fig. 7-57 

Coursed rubble second class 

public buildings, piers and abutments for ordinary bridges. Con¬ 
sidering the dressing and finishing of the stones, it [is further 



Fig. 7-58 

Coursed rubble first class 
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sub*divided into first class, second class and third class masonry. ^ In 
first class masonry, generally all the courses are of the same height 
and the minimum height of the course is limited to 15 cm. The face 
stones are hammer dressed and the projection of the rock-faced 
surface does not exceed 38 mm. beyond the side or bed joints. The 
beds of the face stone are hammer or chiesel dressed and rendered 


true and square. In good work at 
tail back into the hearting for a 
distance equal to two times their 
height normally, and three times 
their height for thicker walls. The 
through stones provided to bind 
the two faces together are spaced 
at 1*8 m. apart and the quoins are 
of the same height as the height 
of the course. The length of the 
quoin is generally kept 45cm. 
The thickness of joints in this 
type should not exceed 10 mm. 

(d) Dry rubble masonry. 

The construction of this form is 
similar to that of ordinary rubble 
masonry without mortar. 

7T1 Ashlar Masonry. The 
work built from carefully dressed 
stones with accurate bedding and 
jointing is termed as ashlar 
masonry. This construction is 
further sub-divided into various 
divisions. The different types of 
ashlar masonry are given below ; 


least one-third of the face stones 



Fig. 7*59 

Dry stone retaining waM 


(1) Ashlar fine 

* 

(2) Ashlar rough tooled 

(3) Ashlar rock, •rustic or quarry faced 

(4) Ashlar chamfered 

(5) Ashlar facing 

(1) Ashlar fine. In this type of masonry, all the stones are 
fine tooled, on all bed and side joints, and the faces are rendered 
perfectly true to the pattern desired. The height of the courses is 
never less than 30 cm. and generally all the courses are kept of the 
same height throughout the work. Ibe height of the stones used is 
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never less than their breadth and their length is never less than twice 
their height. The face stones are generally laid as header and 
stretcher alternately. For wall below 75 cm. thick, the through stones 



Fig. 7-60 
Ashlar fine 

extend to the full thickness of wall. The bed and the side joint in 
this type of work should never exceed 3 mm. in thickness. 

(2) Ashlar rough tooled. In this type of masonry, the 
exposed faces of stone generally have a fine dressed chisel drafting 
all round the edges. The portion of face stone enclo.sed by the 
chisel draft is rough tooled. The thickness of joints in this type of 
work should never exceed 6 mm. In all other respects it conforms to 
the specifications of Ashlar fine masonry. 
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Fig. 7*61 

Ashlar Chamfered 
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(3) Ashlar rock, rustic or quarry faced. This type of 
construction is similar to ashlar rough tooled except that the exposed 
faces of face stones between the chisel draftings are left rough. The 
projections in the space enclosed by chisel drafts are restricted to 
7 6 cm. only. 

(4) Ashlar Chamfered. This type of masonry is similar to 
the one described above with the only difference that the edges 
around the expose face of each stone are bevelled-off at an angle of 
45® for a depth of 25 mm. or more. 

(5) Ashlar facing. In this type of maso¬ 
nry the faces of stones are rough tooled 
are chamfered and are provided in face work 
only. The backing may be made in 
brick, concrete, or rubble as desired. The 
composite construction appreciably reduces 
the cost of work. The height of the course 
is never kept less than 20 cm. and the width 
of each stone is about 14 times its height. 

The bed joints of all the stones arc dressed 
perfectly true and square. For wall upto 
75 cm. in thickness the bond stones should 
extend for the full thickness of the wall and Pj 

for thicker wall, the bond stones should Ashlar faefng (stone fac- 
overlap each other by 15 cm. ing with brick backing) 

SPECIFICATION 71 
Random Rubble Masonry* 

1. Quality of atone : The stone used shall be hard, sound and 
free from defects of any kind. It should be of specified type and of 
approved quality and colour. 

2. Dressing : The stone shall be roughly hammer dressed. 
The ‘Bushing’ in the exposed face of the stone shall not project 
more than 3'8 cm. In case of the stone face to be plastered, the 
Bushing* shall not exceed 13 mm. 

4. Laying ; As far as possible the stones selected for the face 
work shall be of pretty equal in size. The stone shall be laid so as 
to tail back and bond well into the backing. The height of face 
stones shall not be greater than either the breadth of face or the 
length of tail into the work. The stones used for hearting shall not 
be less than 13 cm. in size and shall be solidly^ bedded in the 
mortar. Chips and spawls of stones shall be wedged into the work 
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wherever necessary to avoid thick mortar beds on joints. No hollow 
space shall be left in the masonry. 

4. Joints : Every stone shall be carefully laid so a? to break 
joints as much as possible and to avoid Jong vertical line of joints. 
The face joints shall be neat and close and shall not exceed 25 mrn. 
in thickness. 

5. Bond stones : Headers, bond stones or through stones 
running right through the full thickness of the wall, rhall be 
provided in walls upio 60 cm. in thickness. For walls more than 
60 cm. in thickness, two or more headers (bond stones) overlapping 
each other by about 15 cm. shall be laid in a line from face to back. 
At least one bond stone or a set ol' bond stones (for thicker wall) shall 
be inserted in every 0 5 sq. m. of the wall face. 

6. Quoins : The quoins shall be neatly dressed to form the 
required angle at the corner. The quoins shall be laid as header 
and stretcher alternately. The length of the quoins shall be at least 
45 cm. and its volume shall not be less than 0 028 cu. m. 

7. Curing : In case the masonry is in cement mortar the 
curing shall start just after 24 hours of the laying of masonry and 
shall be continued for at least seven days. In case of masonry in 
fat lime mortar, curing shall start two days after the laying of 
masonry and shall be continued for at least seven days. 


SPECIFICATION 7 2 
Coursed Rubble Masonry 

1. Quality of stone : Same as for random rubble mosonry. 

2. Dressing : The face stones shall be hammer or chiesel 
dressed to an approximate rectangular block shape on all joints 
and beds. The bed joints arid the side joints shall be dressed true 
and square for a depth of at least 7*6 cm. and 3 8 cm. respectively 
from the face. The ‘Brushing’ on the exposed face of stones shall 
not project more than 3*8 cm. In case of the stone face to be 
plastered the ‘Brushings* shall not exceed 13 mm. 

3. Height of courses : The .stones shall be laid in horizontal 
courses not less than 15 cm. in height. The stones in each course 
shall be of equal height so as to get all the courses truly horizontal 
and all joints truly vertical. 

4. Size of stones : The height of the face stones rhall not be 
less than their breadth and they shall tail back into the work for a 
length not less than their height. 
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5. Laying : The face stones shall be laid alternate headers 
and stretchers. Stones shall break joint at least half the height of 
course. At least frd of the stones shall tail back into the work 
for a distance not less than twice their height. The interior hlling 
of the wall shall consist of flat bedded stones carefully laid on their 
proper beds and solidly bedded in mortar. Chips and spawls shall be 
wedged into the work, wherever necessary, to avoid thick joints. No 
hallow space shall be left in the masonry. 

6. Joints ; No pinnings shall be allowed on the face. All side 
joints shall be vertical and bed joints horizontal. The mortar joints 
in the face work shall not exceed 23 mm. in thickness. 

7. Bond stones'. Bond storines tuning right through the full 
thickness of the wall shall be provided in walls upto 60 cm. in 
thickness. For walls more than 60 cm. in thickness, two or more 
headers overlapping each other by at least 15 cm. shall be laid in a 
line from face to back. Bond stones or a set of bond stones shall be 
inserted 1*5 to 18 m. apart clear in every course. 

8. Quoins : The height of quoins shall be the same as that of 
the course in which they occur. '1 he quoins shall be laid as stretchers 
and headers alternately and shall be formed of stones at least 45 m. 
in length. They shall be laid square on their bed, which shall be 
fair dressed to a depth of at least 1U cm. 

9. Curing : Same as for random rubble masonry. 

Qjnestions for Revision 

1. What general principles would you keep in mind while supervising a 
(i) Stone work and (it) Brick work under construction ? What guiding principles 
would you apply to ensure a structurally sound, aesthetically pleasant and a 
comfort-cum-service type construction ? Give.only a general review. 

2. (a) What is the most common type of building ’construction that you 
see being practised in Bombay and what are its advantages over any other type ? 

(tr) Explain with neat sketches the following ; 

(/) Coursed rubble masonry construction indicatiog clearly the position 
of through stones. What is the quality of mortar used ? 

(//) The difference devices are used for lifting heavy and moulded stone. 

(///) Method of finishing pointing in stone masonry construction. 

3. Give detailed specification for the following items of work : 

(a) First class brick work in cement mortar. 

(A) Ashlar stone masonry in cement mortar. 

4. Sketch a section of a wall showing all the details starting from the 
foundation concrete bed block to the coping. The section should indicate two- 
storeyed building with a flat roof. The section line should pass through a door 
at ground floor and a window at the first floor. 
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5. Describe with sketches the difference between uncoursed rubble 
masonry and random rubble masonry. 

6. What are the types of joints used in stone masonry ? Describe each 
joint with neat sketch. 

7. What is the purpose of dressing stone ? Discuss the different types 
of surface finishes employed in stone masonry construction. 

8. Write short notes on : 

(i) Lewis 

(tV) Cramp joint 
(iVi) Joggie joint 
(/v) Stringcourse 

(v) Chain dog 

(vi) Rusticated joints. 

9. Define the following terms with sketches where necessary ; 

(i) Perpend 

(iV) Plinth course 
(1/7) String course 
(/V) Blocking course 

(v) Copings 

(vi) Weathering and throating 
(vif) Through stone. 

10. Describe in brief the comparision between stone masonry and brick 
masonry. 

11. Explain with neat sketches and proper reasoning where you would 
adopt the following: 

(/) Fine ashlar construction 
(zV) Coursed random rubble 
(in) Dry stone revetment 
(iV) Artificial stones 
(v) Headers quoins ; copings. 

12. Explain the following with sketches wherever necessary: 

(i) Corbelling 

(ii) Template 

* (Hi) Composite masonry 

(iv) Buttress. 
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13. Give detailed specifications for coursed rubble masonry in cement 
mortar for a wail 45 cm. thick. Illustrate the same with sketches. 

14. Name the different sorts of Rubble masonry. What are the im¬ 
portant points which have to be kept in view in the construction of rubble 
masonry ? 

15/What do you mean by masonry work ? Name various kind of 
masonry. Give general specifications for masoniy work. 

16. State the different, classifications of stone mesonry. State also the 
general principles to be observed and the preautions to be taken in constructing 
stone masonry. 

17. (a) What do you understand by dressing of stones ? Describe 
various methods of dressing. Explain with sketches. 

(b) What are the general principles to be observed in the constru¬ 
ction of masonry ? 

18. {a) State the comparative merits and demerits of stone masonry and 
brick masonry. 

(6) Give a section of a wall from ground level to roof and show 
clearly the plinth course, string course. Cornice, blocking course and coping. 
There are two floors supported by wall. 


19. (a) What are the objects of dressing of stones ? 

{b) Write a short note on b lock-in-coursc masonry and draw a 
neat sketch of the same. 

(c) What types of stone masonry will you use for (i) boundry wall, 
(ii) parapet wall, («) pier of a bridge, (iV) monument and (v) market-place ? 
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8*1 Definition. Construction of brick units bonded together 
with mortar is termed as brick masonry. The strength of brick-work 
primarily depend upon quality and strength of the bricks, the type 
of mortar and the method of bonding, adopted in construction. 
Mortar not only acts as a cementing material but also imparts 
strength to the work by holding the individual bricks together to act 
as a homogeneous mass. Mortar is usually a mixture of cement and 
sand or lime and sand or a mixture of the three. For works of 
temporary nature, mud is generally used as mortar and the construc¬ 
tion is termed as kuccha pukka masonry. Cement mortar is used for 
works of permanent character, where strength of work is of vital 
importance. Lime mortar is used for all types of construction. 

8'2 General Principles to be Observed in Brick Masonry 
Gonstmetion. The brick masonry in classified as first class or 
second class according to the type of bricks used (wheather first class 
or second class) and according to the method of laying. The 
strength of masonry work, however, depends very much upon the 
types of material used, nature of workmanship and supervision. Bad 
workmanship assisted by lack of supervision may lead to unsound 
construction inspite of the materials used being of the best possible 
type. The general principles which should be observed for a sound 
brick masonry are given below. (The technical terms used in this 
chapter have already been described in the chapter on Stone 
Masonry). 

(1) The bricks used in a good work should be sound, hard and 
well burnt with uniform size, shape and colour. I'hey should have 
no cracks or flaws and a fractured surface should be free from holes, 
grit or lumps of lime etc. The surface of the bricks should be such 
that no mark should be made when scratched by the finger nail. 
The bricks when struck together should produce metallic ringing 
sound and they should not break when dropped from a height of 
90 to 120 cm. on the ground. The bricks should not as a rule absorb 
water more than 20% of their weight when dry when immersed in 
water for twenty-four hours. 
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(2) The bricks should be thoroughly soaked in clear water for 
at least one hour before use. This not only helps in removing the 
dirt or dust from them but also prevents suction of water from the 
wet mortar. 

(3) All the courses should be laid truly horizontal and all 
vertical joints should be truly vertical. 

(4) No brick-bats should be used in the work except when it 
is absolutely necessary for obtaining the specified bond. 

(5) Brick work is generally laid in the English bond. In all 
cases, it should be ensured that a proper bond is maintained through* 
out the work. 

(6) Only specified mortar of a good quality should be used in 
the work, taking great care that uniform mortar joint is obtained 
throughout the construction. The thickness of joints should not 
exceed 13 mm in any case. 
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Fig. 8*1 

Raking back of a brick wall 

(7) Unless brick-on-edge is specified, all the bricks must be laid 
on their proper beds with their frogs pointing upwards. 

(8) The progress of work in raising masonry should be such 
that all the connected brick work should be carried up in uniform 
layers at one level. It should be ensured that no part of the wall 
should preferably rise more than 100 cm. than the rest of it. When 
it is not possible, the work should be racked back according to the 
bond. The walls should be raised up truly vertical. 

(9) The buttresses, counterforts etc. should be built up course 
by course, maintaining proper bond with the main wrall and should 
not be added or joggled afterwards. 

(10) Iron fixtures like pipes, hold-fasts of doors and windows 
etc., which are to be fixed in the brick wall should be embedded in 
cement mortar or in cement concrete. 
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(11) The face joints are generally raked to a minimum depth 
of 10 to 15 mm. when the mortar in the joints is still green. This is 
done to provide proper key for the plastering or pointing. 

(12) In works where plastering or pointing is not desired, the 
mortar joints should be struck flush and finished at the time of 
laying. 

(13) All the finished masonry work should be kept wet for at 
least seven days. 

(14) When an existing wall has to be strengthened by making 
it thicker, 20 cm X 20 cm. x 10 cm. (dimensions of one brick) recesses 
are cut in the existing wall. The recesses are staggered taking care 
that one recess is made in every sq. metre of the wall. This enables 
the new work to be properly bonded to the old one. This operation 
is termed as back-bonding. 

(15) When it is desired to increase the length of the wall under 
construction at a future date, the wall is stopped with a toothed 
end. This is necessary to ensure continuous bonding between the old 
and the new work. 

(16) It is found that with an average winter-summer temperature 
differences of about 100“F a brick masonry wall expands by about 
10 mm. in every 30 m. length of wall. Hence it is desirable to 
provide 18 mm. wide expansion joints after every 30 to 45 ro. length 
of wall. 

(17) When timber floor or roof is required to be supported on 
masonry walls the ends of timber joists (supporting the floor or roof) 
should as far as possible rest on corbels or bracket. In cases where 
the ends of timber joists have to be built into the wall itself, it is 
necessary to apply suitable preservative treatment to the embedded 
portion of the joists and in addition some space should be left around 
them to ensure free circulation of air. 

(18) Bed blocks of stone, concrete or reinforced concrete should 
be provided at the ends of beam (it may be of timber, steel 
or R.C.C.) carrying heavy loads. 

(19) The bearing of R.C.C. floor or roof slab resting on brick 
masonry walls should not be less than the effective depth of slab or 
10 cm which ever is more. 

(20) The courses of bricks, at the plinth, window sill, floor/rooi 
and at the top of parapet walls should be laid with bricks on edge. 

(21) As a general practice, quoin brick should be headers 
and strethers laid in alternate courses and the bond is developed 
by placing a quoin choser next to the queen header. 
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(22) Half brick partition walls should be reinforced with suitable 
reinforcement placed at every third or fourth course of the brickwork. 
The reinforcement may be in form of mild steel bars, flat bars, 
hoops iron, expanded mesh, or fabric etc. 



Fig. 8-2 


8'3 Bonds in Brick-work. On account of their uniform size 
and shape, the bricks can be arranged in a variety of patterns giving 
rise to different types of bonds. Bonding is essential to eliminate 
continuous vertical joints both in the body as well as in the face of 
wall thereby importing strength to masonry. A wall having defective 
arrangement of bricks, reduces the strength and stability of the 
structure. A wall having continuous vertical joint does not act as a 
homegeneous mass to distribute the superimposed load. On the 
other hand, it may be assumed to be consisting of small columns 
arid when a particular column of this wall comes under the load, it 
fails, on account of its inability to distribute the load to the wall 
on either side of it. The different types of bond commonly adopted 
are given below: 

T. Bnglish bond. Thi.s bond consists of alternate course of 
headers and stretchers. In this arrangement, vertical joints in the 
header courses come over each other and the vertical joints in the 
stretcher course are also in the same line. For the breaking of 
vertical joints in the successive course it is essential to place queen 
closer, after the first header in each heading course. The following 
additional points should be noted in English bond construction : 
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Fig. 8-3 

Isometric view of 1} brick thick wall in English bond 


(1) A heading'course should never start with a queen closer 
as it is liable to get displaced in this position. 

(2) In the stretcher course, the stretchers should have a 
minimum lap of |th their length over the header. 

(3) Walls having their thicknesses equal to an even number 
of half bricks, i.e. one brick thick wall, 2 brick thick wall ; 3 brick 
thick wail and so on, present the same appearance on both the faces, 
i.e. a course consisting of headers on front face will show headers on 
the back face also. 

(4) In walls having their thicknesses equal to an odd number 
of half bricks, ie. H brick thick walls or 2| brick thick walls and 
80 on, the same course will show stretchers on one face and headers 
on the other. 

(5) In thick walls the middle portion is entirely filled with 
headers to prevent the formation of vertical joints in the body of the 
wall. 


(6) Since the number of vertical joints in the header course 
is twice the number of joints in the stretcher course, the joints in 
the header course are made thinner than those in the stretcher 
course. 

Alternate courses of even and odd number of half brick thick 
walls arc shown in Figs. 8-4—8'8. 
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Fig. 8-4—8*8 

Plans showing alternates of varius thickness of 
brick walls in English bond 
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(2) Flemish Bond. In this arrangement of bonding brick 
work, each course consists of alternate headers and stretchers. The 
alternate headers of each course are centred over the stretchers in 
the course below. Every alternate course starts with a header at the 
corner. For the breaking of vertical joints in the successive courses, 
closers are inserted in alternate courses next to the quoin header. 
In walls having their thickness equal to odd number of half 
bricks, bats are necessary to be used. 
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Fig. 8-9 

Isometric view showing H brick thick wall in Flemish Bond 


Flemish bond is further divided into two different types viz. 
Single Flemish bond and Double Flemish bond. 

Single Flemish bond : This bond is a combination of English 
and Flemish bond. In this work the facing of the wall consists of 
flemish bond and the backing consists of English bond in each 
course. This type of bonding cannot be adopted in walls less than 
one and a half brick in thickness. This bond is adopted to present 
the attractive appearance of Flemish bond with an effort to ensure 
full strength in the brick work. The alternate courses of brick 
walls of various thicknesses in Single Flemish bond are shown in 
Figs. 810—8-12. 

Double, Flemish bond : In this system of bonding brick work, 
each course presents the same appearance both in the front and back 
elevations. Every course consists of headers and stretchers laid 
alternately. This type of bond is best suited from considerations of 
economy and appearance. It enables the one brick wall to have 
flush and uniform faces on both the sides. This type of bonding is 
comparatively weaker than English bond. The alternative courses 
of the walls of various thicknesses in Double Flemish bond are 
shown in Figs. 8-13—817. 
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Fig. 8-10-8-12 

Plans showing alternate course of various thicknesses of 
brick walls in single Flemish bond 

8'4 Comparative merits and demerits of English and 
Elemish Bond 


(1) For walls thicker than If brick, English bond is stronger 
than Flemish bond. ‘ 

(2) Flemish bond renders the appearance of the face work 
more attractive and pleasing. 

(3) Flemish bond is slightly economical as a number of bats 
can be used. This renders the use of broken bricks possible, but 
requires more mortar for additional joints. 

(4) The appearance of Flemish bond requires good workman- 
'ship and careful supervision. Thus extra attention is necessary to 
keep the vertical joints in alternate course one above the other. 
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Fig. 8-13—8*17 

Plans showing alternate courses of various thicknesses of 
brick walls in Double Flemish bond 
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8*5 Other Types of Bonds. The bonds described below 
are not very common in use. Their use is restricted io special types 
of construction. 

(t) Stretching bond. In this arrangement of bonding brick¬ 
work all the bricks are laid as stretchers. The overlap, which is 
usually of half brick, is obtained by commencing each alternate 
course with a half brick bat. It is used for half brick wall only. This 
bond is also termed as running bond and is commonly adopted 
in the construction of half brick thick leaves of cavity walls, parti¬ 
tion walls, etc. Since there are no headers suitable, reinforcement 
should be used for structural bond. 
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Fig. 8* 19 


Heading bond 


(u) Heading bond. In this type of bonding all the bricks are 
laid as headers on the faces. The overlap, which in usually of half 
the width of the brick is obtained by introducing a three-quarter 
bat in each alternate course at quoins. This bond is chiefly used for 
footings in foundations for better transverse distribution of load. 


(m) Garden wall bond. ThiS' type of bond is suitably 
adopted for one brick thick wall which {may act as a garden wall 
or boundary wall. In garden wall bond, it is possible to build 
uniform faces for a wall without much labour or expense. This type 
of bond is not so strong as English bond, that is why its use is only 
restricted to the construction of such dwarf walls as are not subjected 
to large stresses. On account of its good appearance, this bond is 
sometimes used for the construction of the outer leaves of cavity 
walls. 


There arc two varieties of garden wall bond. 

(a) Ertglish garden wall bond 

[b) Flemish garden wall bond 
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(a) English garden wall bond. The general arrangement of 
bricks in this type of bonding is similar to that of English bond 
except that the heading courses are only inserted at every fourth or 
sixt course. Usually the arrangement consists of one course of 
headers to three courses of stretchers. A queen closer is placed next 
to the quoin header of the heading course to give the necessary lap. 
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Fig. 8-20 

Elevation of a wall in English 
garden wall bond 



Fig. 8-21 

Elevation of a wall in Flemish 
garden wail bond 


(6) Flemish garden wall bond. This consists of alternate courses 
composed of one header to three or sometimes even five stretchers 
in series throughout the length of the courses. Each alternating 
course contains a three quarter bat placed next to the quoin header 
and a header is laid over the middle of each central stretcher. 


{iv) facing bond. This arrangement of bricks is adopted for 
thick walls, where the facing and backing are desired to be con¬ 
structed with bricks of different thicknesses. This bond consists of 
heading and stretching courses so arranged that one heading course 
comes after several stretching courses. Since the number of joints 
in the l)acking and the facing differ greatly, the load distribution is 
not uniform. This may sometimes lead to unequal settlement of the 
two thicknesses of the wall. 


(v) Raking bond. It is a bond in brick work in which the 
bonding bricks are laid at any angle other than zero or ninety 
degrees. ^ This is necessary to be constructed to increase the 
longitudinal stability of thick walls built in English bond, In this 
arrangement of bonding, the space between the external stretchers 
of a wall is filled with bricks inclined to the face of the wall. This 
bond is introduced at certain intervals along the height of a wall. 
There are two common forms of raking bond : la) Herring-bone 
bond (6) Diagonal bond. 
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(a) Herring-bone bond. This type of bond is best suited for 
very thick walls usually not less than four bricks thick. In this 
arrangement of brick work, bricks are laid in courses inclined at 45° 
in two directions from the centre This bond is also commonly used 
for brick pavings. 
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Fig. 8-22 Fig. 8-23 

Plan showing arrangement of bricks Plan showing arrangement of 

in Herring-bone bond bricks in Diagonal bond 

(b) Diagonal bond. This bond is best suited for walls which 
are 2 to 4 brick thick. This bond is usually introduced at every 
fifth or seventh course along the height of the wall. In this bond, 
the bricks are placed end to end in such a way that extreme corners 
of the series remain in contact with the stretchers. 

{vi) Dutch bond. This bond is a modification of old English 
cross bond and consists of alternate courses of headers and stretchers. 
In this arrangement of brick work, each stretching course starts 
at the quoin with a three-quarter bat and every alternate stretching 
course has a header placed next to the three-quarter brick bat 
provided at the quoin. 

{vii) English cross-bond. This is similar to English bond 
and consists of alternate course of headers and stretchers. However^ 
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Fig. 8-24 

Elevation of a wall in Dutch bond 










222 


BUILDING CONSTBUOTION 


in this bond, queen closers are introduced next to quoin headers and 
each alternate stretching course has header placed next to quoin 
stretcher. The bond is strong and bears a good elevation. 
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Fig. 8*25. 

Elevation of a wall in English cross-bond 

{viii) Zig-Zag bond. This is similar to herring-bone bond 
with the only difference that in this case the bricks are laid in a zig> 
zag fashion. This is commonly adopted in brick paved dooring. 



Fig. 8'26 


Fig. 8-27 


Plan showing the arrangement 
of bricks in Zig-Zag bond 


View showing a wall in 
Silverlock’s bond 


{ix) Silverlock’s bond. It is a form of bonding brick-work 
in which bricks are laid on edge. It is economical but weak in 
strength and hence it is only recommended for garden walls or 
partition walls. In this bond, the bricks are laid as headers and 
stretchers in alternate courses in such a way tliat headers are laid 
on bed and the stretdhers are laid on edge forming a continuous 
cavity as shown in Fig. 8*27. 
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8*6 Tee-junctions. A Tee-junction is formed when two 



Fig. 8-28—8*30 


Fig. 8-31—8-33 


Isometric view of T-junctions 
in Ei^lish bond 


Isometric view of T-junctions 
in Flemish bond 
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walls meet each other at right angles forming the letter ‘T’ in*plan. 
T-junction may be formed in a number of different bonds described 
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between half brick and one and k half brick thick wall in English 
bond. Fig. (8’29) shows T-junctioh between one brick and one and a 
half brick thick wall in English bond. Fig. (S SO) shows T-junction 
between one and a half and two brick walls in Engli^ bond. 
Figs. (8'3I—8*33) show T-junctions with similiar combination of wall 
thicknesses, in Flemish bond. 

8*7 Bonds in Piers. Piers may be constructed in a variety 
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of bonds already described. The selection of the type of bond 
depends much upon shape of the pier as well as choice of the indi- 


ALTERUATE COURSES 



Fig. 8*35 
Attached piers 
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vidual. In common practice brick piers are builD in English bond 
or Double Flemish bond. 

8‘8 Piera attached to Main Walls. Fig. 8*36 shows plans 
of alternate course of various shapes of piers attached to 1| brick 
thick wall. On the left hand side of the plans is given the isometric 
view of the described shape of attached pier. The function of die 
piers is to provide a large bearing area for giving support to the roof. 
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walls meet each other at right angles forming the letter *T’ inf plan. 
T-junction may be formed in a number of different bonds described 
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between half brick and one and a half brick thick wall in English 
bond. Fig. (8*29) shows T-junctioh between one brick and one and a 
half brick thick wall in English bond. Fig, (8*30) shows T-junction 
between one and a half and two brick walls in English bond. 
Figs. (8*31—8*33) show T-junctions with similiar combination of wall 
thicknesses, in Flemish bond. 

8*7 Bonds in Piers. Piers may be constructed in a variety 
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vidual. In common practice brick piers are built in English bond 
or Double Flemish bond. 

8'8 Piers attached to Main Walls. Fig. 8*36 shows plans 
of alternate course of various shapes of piers attached to 1| brick 
thid^ wall. On the left hand side of the plans is given the isometric 
view of the described shape of attached pier. The function of the 
piers is to provide a large bearing area for giving support to the roof. 
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It also helps in increasing the stability of the wall by stiffening it 
at various points. 

8 9 Squint Junctions. A squint junction is formed when 
two walls meet each other at an angle other than a right angle 
without forming a quoin. The junctions may be in English or 
Flemish bond. Great difficulty is experienced in forming the junc¬ 
tions accurately and that is why they are rarely adopted. Squint 
junctions between walls of various thicknesses have been shown in 
Fig. 8-37. 

8T0 Squint Quoins. When two walls meet at an angle 
other than a right angle, the junction or quoin thus formed is termed 
as squint. The squint quoins may be divided into the following 
two categories : 

(t) Obtuse squint quoms 

(n) Acute squint quoins. 




Fig. 8*38 

Acute and obtuse Squint quoins in English bond 
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The principle of bonding of brick work is the same as described 
earlier. In forming the required angle at the junction, standard 
bricks have to be cut to the desired shape so as to achieve facility 
in obtaining the maximum lap with minimum cutting. 

Fig. 8*38 shows acute and obtuse squint quoins in English 

Bond. 


Fig. 8’39 shows acute and obtuse squint quoins in Double 
Flemish bond. 



Fig. 8’39 

Acute and obtuse squint quoins in Flemish bond 

811 Tools of Brick-layer. Tools used for brick masonry 
construction have been shown in Fig. 8 40. 
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(I) Hammer ; (2) Line and pins ; (3) Brick *axe ; (4) Spirit 
level ; (5) Plumb rule ; (6) Mason’s square ; (7) Trowel ; (8) Two- 
foot four fold rule. 

8‘12 Retaining wall. It may be defined as a wall built to 
resist the pressure of earth filling, sand, or other similar filling depo¬ 
sited behind it after it is built. It is commonly required in the 
cons^ction of bill roads, masonry dams, abutments and wing walls 
of bridges and so on. Depending upon the site conditions, type of 
material to be retained and the height of the wall to be constructed, 
retaining wall may be built in dry stone masonry, stone masonry, 
plain cement concrete and reinforced cement concrete. 

Dry atone retaining wall : This is the simplest form of retain¬ 
ing wall. The stability of such walls depends upon the arrangement 
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of stones in the wall and the friction between the individual 
stones. The stones used in the wall should be of large size and 
roughly hanimer*dresscd so as to secure maximum beddiug area. 
The wall should have a minimum top width of 60 cm. and 
the front face should have a batter varying from 1 in 4 to 1 in 3. 
The batter of 1 in 4 is adopted for walls lesser than 4 5 m. 
in height. In principle, the height of dry stone masonry wall 
should be restricted to 6 m. For walls above 4*5 m. in height, 
the upper 4*5 m. of the wall is usually built of dry rubble stone 
masonry and the portion below this height is built in mortar. The 
stones used in the wall construction are laid at right angle to the 
face batter. A proper bond is maintained and the front and the 
rear faces of the wall are nicely bonded with the hearting. The 
filling immediately behind the wall should usually consist of stone 
chips and not earth. Weep*holes should be provided in the wall 
at suitable distances apart to drain off the water from the filling 
behind. The wall has already been shown in figure on page (198). 

Dry stone pitching or revetment : It is generally provided to 
protect the sloping face of an earthen cutting or embankment from 
erosion. Stones used, should be perfectly sound and roughly cut to 
fit in the shape of the pitching. In case of channels and dams, 
pitching should be carried at least 90 cm. above the high flood 
level and to secure its stability, the toe should be prevented from 
slipping by suitable constructions. The slopes of embankment 
should not be steeper than 1 : 1, a slope of 1 ^ : 1 being usually 
adopted. The thickness of pitching varies from 30 cm. to 75 cm. 
Selected stones are tightly hand packed and all the intersties are 
filled up with smaller pieces of stone and wedged up light. Every 
stone in pitching is laid flat and no projecting stones are allowed. 

Breast walls : These are stone walls provided to protect the 



Breast wall and retaining wall in their respective positions. 
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slopes of cutting in natural ground from the action of weather. The 
section of wall to be adopted depends upon the height of wall, the 
nature of the backing and the slope of cutting. The front and back 
batters of the wall vary from 1 in 4 to 1 in 2 (I in horizontal ; 4 or 2 
vertical), with the minimum top width of 60 cm. 





Fig. 8-42 

Slone masonry and plain concrete retaining walls : These walls 
are also provided tp support earth, loose stone, coal etc. The wall 
acts as one mass to resist the thrust from the backing and is much 
more stronger than dry stone masonry wall. The stability of the 
walls depend entirely upon its dead weight. They arc designed 
on the assumption that masonry or concrete is not subjected to any 
tensile stresses. In order that the walls may be stable they have to 
be very thick in section and as such they are seldom constructed for 
heights beyond 6 m. The top width of masonry walls and concrete 
walls should not be less than 60 cm. and 45 cm. respectively. The 
bottom width of the walls vary with the height. The backing 
material is suitably drained through the weep holes provided in the 
wall at 1-8 to 3 m. apart. 

8T3 Design of retaining walls. The thrust from the back¬ 
ing which tends to overturn the wall or causes it to slide, is the 
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deciding factor in the selection of the section and type of the wall. 
There are many conditions upon which the thrust exerted by the 
backing depends, such as cohesion of the soil, dryness of the backing 
material, the manner in which the material is filled against the wall 
and so on. There are various theories by the help of which the 
value of thrust under different conditions can be easily worked out. 
Having known the thrust, the section of the wall is so designed that 
its self-weight is sufficient to resist the tendency of the thrust to slide 
the wall and the bottom width of the wall is such that the resultant 
force (resultant of the weight of wall and pressure of filling behind) 
lies within the middle third of the base. This condition is necessary to 
prevent the tendency of the thrust to overturn the wall and to ensure 
that there is no tension at the wall base. It is equally essential to 
ascertain that the maximum stress at the toe of the wall does not 
exceed the safe bearing capacity of the soil. 

Galcnlatioii of earth pressure. The thrust due to the back 
filling, which may be assumed to be earth, is generally calculated by 
Rankine’s Theory. The theory is based on the assumption that the 
backing material or earth consists of cohesionless granular particles. 
The formulae derived from this theory under different conditions of 
back filling are given below : 

Case 1: Walls with earth levelled with the top of wall. 

(a) Horizontal pressure per sq. m. {ph) at a depth of metre 
below the levelled top is given by the formula ; 


, , 1—sin^ 

where w — weight of filling in kg/m*. 

and ^ = angle of repose of the soil. 

(6) Total horizontal pressure (P) at a depth of (ft) metre per 
metre length of wall is given by the formula : 


P = 


wh 


1 — sin ^ 
1 +sin <f> 


Acting at metre from the base. 
J 


Case 2 : In case of surcharged retaining wall or wall retain¬ 
ing earth filled at slope of a° to the horizontal, the formula giving 
lateral earth pressure {ph) is given by : 

, _ cos a — y/ cos* a — cos* <f> 

ph = wh cos a-- -- — 

cos a+V cos* a—cos* ^ 

acting parallel to the surcharge slope’of the filling. 
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^ ^ Total pressure (P) at depth of h metre per metre length of wal> 

IS given by the formula : 

„ wh* cos a — cos® a—cos® ^ 

Jtr = —=— cos a - ^ 

^ cos ot+ ^ cos* «—cos® ^ 

8‘]4 Conditions of Stability of Retaining Walls. A 

satisfactory retaining wall must meet the following requirements for 
earth its stability : 

(1) The wall should be structurally capable of resisting the 
pressure applied to it. 

(2) The section of the wall should be so proportioned that it 
will not overturn by the lateral pressure. 

(3) The wall should be safe from consideration of sliding, i.e., 
the wall should not be pushed out by the lateral pressure. 

(4) The weigh of wall together with the force resulting fromt 
the earth pressure acting on it, should not stress its foundation to a 
value greater than safe bearing capacity of the soil on which it is 
founded. 

(5) It is important to prevent accumulation of water behind a 
retaining wall. The boding material should be suitably drained by 
providing 10 cm. diameter, weep holes located at TS to 3m apart. In 
order to prevent chokage of weep holes, some filter media, consisting 
of gravel or crushed stone, should be provided around the intake of 
each weep hole, the back faces of the retaining walls should in 
addition, be provided with suitable water-proofing treatment in areas 
of heavy rainfall, when backfill material is relatively impermeable 
or when this wall is made out of porous masonry blocks. 

(6) As far as possible, long masonry retaining should be 
provided with expansion joints located at 6 to 9 metre apart. 

8T5 R.G G. Retaining Walls. Plain concrete walls, on 
account of their thick section, render the solution of retaining 
materials an uneconomical choice. The thickness of plain concrete 
wall is greatly reduced by inserting mild steel reinforcements in 
places where the wall is likely to be subjected to tensile stresses. 
Thus the reinforced concrete retaining walls can be economically 
constructed for greater heights. They are usually constructed in two 
different shapes : 

(1) Cantilever type 

(2) Counterfort type 

Cantilever type retaining wall: It consists of a vertical stem. 
rigidly fixed to a horizontal base slab. The base slab is further 
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divided into two components vh. heel slab and toe slab. The stem» 
toe and heel slabs are designed as cantilever beams for moment^ 
shear and bond. The stem is also reinforced to withstand the adverse 
effect of temperature variations. This type of wall is economical for 
moderate heights upto 6 m. 



camtillylk TYps. or blymmina wall 

Figs. 8-43-8-44 

^ Counterfort retaining wall : For walls above 6 m. in height, the 
cantilever type of retaining wall requires great stem thickness to 
tnake the wall self supporting. Great economy is made in high walls 
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by placing counterforts at suitable intervals along the wall length. 
The steam behaves as a vertical slab continuous over the counterforts 
and loaded by the horizontal thrust due to back filling. The action 
of counterfort is to tie the vertical wall slab to the base of wall. As in 
case of cantilever type of retaining wall, the base slab is divided in 
two parts viz. toe slab and heel slab. The heel is designed as hori¬ 
zontal sldb supporting the counterforts aud subjected to bending 
stresses induced by back fill and the sub-soil reaction of the loading. 
The toe is designed similar to cantilever type of retaining wall. 

Questioas for Revision 

1. Draw neat sketches, in plans of successive courses and elevation, to 
illustrate the construction of a brick-wall, 2i brick thick in English bond at a 
right-angled corner. 

How does English Bond differ from Flemish bond ? 

2. Explain the difference between brick masonry and stone masonry 
with reference to their suitability, cost and method of construction. 

Sketch two consecutive courses of a square pier in English bond 2J brick 

thick. 

3. (a) Name the various bonds used in brick-work. 

Draw neat sketches of the following in English bond (adopting usual 
brick size). 

u • I consecutive courses of right-angle corner of a brick wall 

brick thick. 

(«) Two consecutive courses of a brick pillar U brick square. 

4. Write short notes on : 

(i) Flemish bond 

((/) Garden wall bond 
(ill) Heading bond 
(iV) Facing bond 
(v) Raking bond 
(yi) Dutch bond 
(vti) Silvcrlock’s bond. 

. Supposing you are supervising the construction of a residential 
building in a good locality, write the general principles you would expect the 
brick-layer to observe during the progress of the brick masonry. 

Define a bond. Distinguish with the help of sketches between a wall 
m English bond and a wall in Flemish bond. 

7. Sketch free-hand to a suitable scale the following : 

(a) Un-coursed and coursed rubble masonry in elevation. 
ib) Corner of 2 brick thick brick wall. 

. 8. Sketch free hand to a suitable scale the following : 

(fl) Ashlar, random and coursed rubbled masonry in elevation. 

(b) Isdmetric view of the corner of one and half brick wall. 
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9. Answer b riefly the following : 

(a) Of what and how arc bricks made ? 

(b) Mention all the equipments required by the brick-layer and his 
assistant for erecting a brick wall in lime mortar. 

(c) Where are the following joints used : 

Mortise, tennon, tongue and groove, and dovetailed joint. 

10. What are retaining walls ? Underline the design procedure adopted, 
in deciding the section of a retaining wall. 

11. Define the follow ing : 

(/) Header 

(//) Stretcher 

(iii) King closer 

(iv) Queen closer 

(v) Perpend 

(vi) Bat. 

12. Write short notes on any three of the following •. 

(a) Damp-proof courses. 

(f>) Tests conducted on bricks. 

(c) The English and Flemish bond in brick work. 

(d) Joints in stone work. 

(e) Composite masonry construction. 

13. Give detailed specifications for the following item of work : 

First class brick work in cement mortar. 

14. How many kinds of brick bonds are there ? Compare the two main 
kinds. In what respect is one superior to the other? Show two courses of a 
small length of wall of one and a half brick in thickness in English bond. 

15. Draw neat sketches of the following in English bond (adopting 
usual brick size). 

(0 Two consecutive courses of the right-angled corner of a IJ brick wall. 
(i7) Two consecutive courses of a ljx2 brick pillar. 

(i7Y) Two consecutive courses of a junction of brick wall with that of 
a 2 brick wall. 

16. Draw a plan and elevation of two consecutive courses in English 
bond for: 

(a) IJ brick wall meeting a 2 brick wall at a right-angled corner of a 
building. 

(b) Single brick cross wall meeting a U brick mrin wall at any inter¬ 
mediate point. 

17. Describe with neat sketches the dilferent types of bonds used in 
brick work. 

Give sketches for any two of the following showing the alternate courses, 
in English bond. 

(0 2 brick wall at a corner of a rectangular building, 

(ij) 2x3i brick pillar. 

(iii) 2 brick wall crossing with 3^ brick brick wall. 



238 


BVILDIITG 00N8TBU0TI0B 


18. What is the difference between English bond and Flemish bond in 
brick masonry construction ? 

19. (fl) What arc the general principles observed in brick masonry ? 

(6) Name the different bonds used in brick masonry. Show by sketches 
any two. 

(c) Describe with sketches a dry stone retaining wall. 

20. In which cases would you prefer brick masonry to stone masonry ? 

State the general principles to be observed and the precautions taken in 
constructing brick masonry as well as stone masonry. 

21. What do you mean by Bond in brickwork? Distinguish between 
English and Flemish bond. What are the various precautions to be taken in 
brick^masonry construction ? 

22. (a) State the general principles to be observed during the cons¬ 
truction of brick masonry vorW. 

(6) Draw plans of 

(i) two consentive courses of a right angled quoin between two walls, 
each U brick thick, in English bond and 

(i7) two consecutive courses of the junction of two li brick walls in 
English bond. 


23. (a) What is meant by efflorescence on brickwork ? List the sources 
which give rise to dampness and efflorescence on buildings constructed near 
the sea coast. 

(6) Show by free hand well-proportioned sketches plan and elevations 
of two successive courses of a brick pier 2^ brick thick x3 brick wide. 


24. Draw a sketch to illustrate the various elements of a brick layer’s 
scaffold and state the difference betwee n this type of scaffolding and that used 
by masons. 
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91 Definition. Walls constructed from two or more building 
materials are termed as composite walls. The combination may be 
stone slab in the face work and brick masonry at the backing, or 
superior stones in the facing with rubble stone masonry at the back* 
ing and so on. Composite masonry may be essential to improve the 
appearance of a structure by concealing the inferior work by use of 
superior quality of material in the desired positions. This results in 
great saving in cost and, if properly constructed, the structure remains 
equally strong and durable. Stones, bricks, concrete and tiles are 
the materials commonly used in such constructions. 

9 2 ^ Composite Masonry in Stone and Brick. This is the 
construction in which stone slabs are used in the face work and 
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brick masonry is used as backing. Stones used may be natural or 
artificial. The stones are secured to the backing either by means of 
metal cramps, or by projecting the headers in the face work well 
inside the backing. It is obvious that the number; of joints in the 
backing will be much more than the joints in the facing and as such 



Fig. 9-3 

Brick facing and 
stone backing 



Fig. 9-4 

Brick facing and 
concrete backing 



Fig. 9’5 

Tile facing and 
brick backing 


the bonding between the two faces should be perfect to avoid un¬ 
equal settlement of the two leaves. The difierent types of composite 
masonry are described below : 



Fig. 9’6 

Stone facing and rubble 
backing 


Fig. 9-7 

Stone facing and concrete 
backing 


(1) Brick backed Ashler. This has been described in the 
chapter on Stone Masonry. 

(2) Brick facing with rubble or concrete backing. In this 
type of construction, special types of glazed tiles or bricks arc 
used as facing material and rubble or concrete or brick is used as 
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backing. Terra-cotta tiles and other such glazed tiles are commonly 
used in lavoratory blocks and other such sanitary structures. 

(3) Stone facing with brick, rubble or concrete backing : 

The purpose of this type of masonry is to make a wall constructed jin 
brick to appear as if constructed in stone. It is adopted to improve 



Method of fixing stone facing with concrete backing 


the appearance of the structure at a lesser cost. The stone slabs 
seldom exceed 5 to 10 cm. in thickness and are properly secured to 
the backing. 

9'3. Cement Concrete Masonry. Cement concrete is],largely 
used for constructional purposes on account of its numerous ad van* 
tages over the other building materials. Cement concrete may be 
used in the form of pre-cast hollow concrete blocks, plain concrete 
slabs or reinforced concrete slabs. Hollow units may be defined as 
those units having core-void areas greater than 25% of their gross 
area. The blocks may have one or multi-core design to suit the 
choice of manufacturer. The various advantages of qoncretc block 
masonry are described below : 

(1) On account of their regular and uniform size, concrete 
blocks afford great facility in masonry construction which ultimately 
results in rapid execution of work. 

(2) Hollow blocks of concrete arc stronger than stone or brick 
and as such thinner walls can be used to carry the superimposed 
load. This gives an increased floor area and hence there is a saving 
of space. 

(3) There is a great saving of material on account of the blocks 
being hollow from inside. The air space (hollow space) in concrete 
blocks varies from 20 to 40 per cent of their volume. 
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^ (4) On account of the large size of concrete blocks, the number 
of joints in a work are lesser and hence there is saving of mortar 
in this type of masonry. 

(5) The hollow space in the blocks enables the masonry to have 
good insulating properties against sound, heat and dampness. 

(6) On account of good properties of concrete, hollow concrete 
blocks masonry can safely withstand the atmospheric action and it 
requires no protective covering as is necessary in case of brick work. 



Figs. 9'9—9*14 

Different forms of hollow concrete blocks 


(7) Unskilled labour can be employed in this type of work and 
on account of the light weight of the blocks, the speedy construction 
results in economy in labour, cost and in time. 

(8) The rough surface of the concrete block renders £icility in 
plastering (if needed). 

The hollow concrete blocks are manufactured in various shapes 
and sizes. The blocks are moulded in machine and can be obtained 
in the following standard sizes : 

(1) Standard size hollow concrete block...40 cm.x 19 cm. 

X 20 cm. 

(2) Hollow building tiles ... 40 cm. X 10 cm. x20cm. 

(3) Hollow concrete blocks for partitions...20 cm x 19 cm x 11 cm 

The various shapes of hollow concrete blocks are shown in 

Figs.49'9-9-14). 

Specially shaped blocks are manufactured for corners, sills, 
lintels and jambs, wall closures, pien between doors and windows ' 
etc. to fit in the job suitably. 
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In order to ensure maximum economy in construction the 
overall length and height of walls should be so fixed as to make 
maximum use of full and half length blocks. The width and height 
of door and window openings and the wall area between them should 
be planned keeping in view the size of block available. This is essen¬ 
tial to minimise cutting the blocks and avoid wastage of material 
and time. 




JAMBi BLOCKS FOR STEEL SASHES 



FOR 

WOOOCN SASHES 



9*4 Load Bearing Wall Tiles. There are a variety of shapes 




Figs. 9-22—9-23 

tSectional elevation of difierent thicknesses of load 
bearing tile walls 
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for load bearing clay tiles. The tiles may be used for either interior 
or exterior load bearing walls. As in the case of hollow concrete 
blocks, the surface of the tiles is rot^h and can be easily plastered 
if desired. The tiles may be used with or without any backing or 
facing. The tiles are designed to carry the superimposed load plus 
the weight of the facing material such as plaster etc. 

9'5 Glass Block Masonry. There are various shapes and 
sizes of glass blocks available these days. The blocks are made from 
structural glass annealed to withstand rigorous use of the material. 
In addition, the glass used is such that it is impervious to grease, 
chemicals, moisture and docs not change its colour with age. The 
blocks may be made hollow or solid. Glass block panels should never 
be used to carry loads other than their own weight. They arc 



Figs. 9'24-9-27 

Sections of different types of glass block masonry 

generally laid in cement-lime mortar (I : 1:4). In glass block 
masonry with blocks more than 30 cm. high, every horizonta Ijoin t 
should be reinforced with galvanized expanded metal strips. The 
construction is so executed that there is complete freedom of move¬ 
ment of the panel within the enframing members. Provision for 
expansion is made along the jambs and the head of each panel and 
there is proper anchorage of panel at head, sill and jambs. 

Advantages of glaas^block masonry : 

(1) It is attractive in appearance. 

(2) On account of the dead air space within, the glass block 
masonry has great heat insulating value. 
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(3) It is non-porous, non-absorbent and impervious to moisture. 

(4) It can be easily cleaned and as such it is considered more 
sanitary. 

(5) It diffuses the light which passes through and with proper 
selection of suitable patterns, a wide range of light and decorative 
effects can be produced. 

(6) It has a good sound.prooflng property and thus the room 
with glass block masonry walls has improved acoustical effects. 

(7) Glass block masonry is best suited in places where window 
openings cannot be provided and clear glass is objectionable from 
consideration of visibility. 

Qaestions for Revision 

1. Explain, what do you understand by the term ‘composite masonry.’ 
Draw neat sketches wherever necessary to support your answer. 

2. What do you understand by hollow block ? What are the advantages 
of hollow concrete block masonry over the stone masonry construction ? 

3. Write an essay on glass walls. 

4. Write short notes on : 

(i) Method of securing stone slabs to concrete or brick backing. 

(h) Composite masonry. 

(Hi) Hollow concrete block masonry. 

(iv) Glass block masonry. 
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101 Definition. A partition wall may be defined as a wall 
or division built of brick, studding, glass or other such material 
provided for the purpose of dividing one room or portion of a 
room from another. Generally, partition walls are designed as non¬ 
load bearing walls. It may be of folding, collapsible or fixed type. So 
far as the functional use of partition walls is concerned, they are 
employed to provide privacy from considera tion of sight or sound or 
both. A good non-load bearing partition wall should be cheap, 
light, thin, fire'resistant and easy in construction. 

102. Types of Partition Walls. Depending upon the 
material used, partition walls may be divided into the following 
different types : 

(1) Brick •partitions 

(2) Hollow brick partitions of clay^ terra-cotta or concrete 

(3) Glass partitions 

(4) Ccmcrete partitions—plain or reinforced 

(5) Metal lath and plaster partitions 

(6) A.C. sheet or O.I. sheet partitions 

(7) Timber partit ions. 

(I) Brick partitions. They may be constructed with plain 
bricks, reinforced bricks or brick nogged. 

Plain brick partition : The type of wall is constructed by laying 
bricks as stretchers in cement mortar. Thus the wall is generally 
10 cm. (half brick) thick and plastered on both the faces. If properly 
constructed, it is considerably strong and fire-resistant. 

Reinforced brick part%tion wall : This type of wall is similar to 
plain brick partition wall except that at every fourth or fifth course 
the bricks are reinforced with iron straps 25 to 38 mm. wide, 1 and 
r6 nun. tl^ck. 6 mm. mild steel bars spaced at every fourth course of 
wall may be used as a substitute for iron straps. 

Bride nagging type of partition wall : It consists of brick work 
built within a framework of wooden members. The frame work 
consists of vertical posts called studs spaced at 60 cm. to 1*5 m. aparti 
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Fig. 10-2 

Brick>nogged partition wall 
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and held in position by horizontal members called nogging pieces. 
The nogging pieces are housed into the studs at 60 cm. to 90 cm. 
apart vertically. The object of the wooden frame work is to increase 
the stability of the wall both along the length and height and to 
make it mote rigid to withstand vibrational effect produced on 
account of careless opening or closing of the window or door leaves. 
The brick work is built by laying the brick flat or on edge and the 
surface is plastered from both the faces. Thus the size of the studs 
and nogging depends upon the thickness of partition wall. For a 
10 cm. (half brick) thick partition wall, the studs and nogging should 
be 15 cm. wide so that after the brick-work is plastered from both the 
faces, the timber frame work may finish flush with the wall face. 
This wall has the serious disadvantage of the timber getting decayed. 
Moreover, the mortar used may not stick well to the timber members 
and thus the brick work is likely to become loose after some time. 






Figs. 10‘3—10*10 

Different types of hollow clay blocks for partition wall 


(2) Hollow block partitions of clay. Terra-cotta or Con¬ 
crete. Hollow blocks moulded from clay, terra-cotta or concrete are 
now commonly used for the construction of partition walls. Such walls 
are light, rigid, economical, strong and fire-resistant. They have good 
sound insulating properties The size of the block differs with the 
nature of material and the thickness of wall varies between 6 to 15 cm. 
The partition walls are constructed in similar manner as structural 
load bearing walls. 

(3) Glass Partitions. These may be made from sheet glass 
or hollow glass blocks. The hollow glass block construction has 
already been described in chapter on ''Composite Walls**, In case of 
sheet glass partitions, sheets of glass are fixed in the frame work of 
wooden members dividing the entire area in a number of penals. 
The panels may be square or rectangular in shape and their size 
varies with* the choice of the individual. Glass partitions are cheap, 
light, easy in construction and provide reasonable privacy and sound 
insulation. The cost of maintenance of such partitions is much more 
as glass is liable to break when struck hard by any thing. With 
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Fig. 10*11 

View showing hollow block partition wall 
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Fig. 10*12 

Elevation and sectional plan of glass partition 
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the introduction of reinforced glass sheets, this danger is greatly^ 
minimised. Three-ply glass and armour plate glass are some of 
the varieties of sheet glass which possess good shock-resisting^ 
properties 

(4) Concrete Partitions .—Plain or reinforced i Partition walls 
constructed in concrete plain or reinforced, may be cast-in-situ or 
built from panels or blocks precast well in advance of the commence¬ 
ment of work. Generally for cast-in situ walls, 10 cm. thick and 
below, the reinforcement consisting of mild steel bars or R.R.C. fabric 
is plaaed in the centre of the wall thickness. Concrete mix. usually 
adopted in the work is M 150 (1 : 2 : 4). The wall is cast mono- 
lithically with the intermediate columns so as to be rigid and stable 
both along its length and height. 



Fig. 10* 13—View of a pre-cast concrete partition wall 

Fig. 10’14—Sectional plan showing arrangement of rein¬ 
forcement in a cast-in-situ partition wall 
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In case of precast concrete partition wall, concrete slabs and 
special shaped concrete posts are used. The slabs are generally 
32 mm. thick and are inserted in the grooves of the precast post 
and the joints filled with cement mortar. 



Figs, 1015—1018 
Different forms of metal laths 

(5) Metal lath and plaster partitions. Metal lath and 
plaster when properly laid form a reinforced partition wall which 
is thin, strong, durable and is considerably fire-resistant. The metal 
lath is available in a variety of patterns and it gcn’erally require a 
frame-work of steel or wood for the purposes of fixing in position. 
Lath is generally tied by galvanized iron wire to mild steel bars or 
channels spaced at 15 to 30 cm. apart. The latter is fixed on one 
side and the plaster is applied on both the sides of the lath. Such 
partition walls may be 5 to 7*6 cm. thick. 

In order to achieve improved insulation against heat and 
sound, metal lath and plaster partition walls can also be made with 
a cavity between the wall thickness. The type of hollow partition 
wall is constructed by fixing metal lath on both sides of specially 
shaped steel channels spaced at 30 to 45 cm. apart. Depending 
upon the width of cavity desired, the channels are generally 5 to 10 
cm. deep. 
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Fig. 10'20—Metal lath and plaster wall with a cavity in between 

(6) A.C. Sheet or G.I. Sheet Partitions. Partition walls 
constructed from asbestos cement sheeting or galvanised sheeting 
fixed to wooden or steel members are mostly adopted in works of 
temporary character. These walls arc economical, light, thin and 
fairly rigid if constructed properly. 



Fig. 10-21 


For superior type of asbestos 
cement sheet partition walls, specially 
manufactured slab of the said material 
are used. Each slab consists of core 
of corrugated asbestos cement sheet 
with the plain asbestos cement sheet 
attached to it on either side. The use 
of such slabs renders the partition- 
wall more fire-resistant and makes it 
have good heat and sound insulation 
properties. 

(7) Timber Partitions. They 
consist of a wooden framework 
either supported on the floor below 
or by side walls. The frame work 
consists of a rigid arrangement of 
timber members which may be plas¬ 
tered or covered with boarding etc. 
from both the sides. Such partitions 
are not fire-resistant and the timber 
forming the partition is likely to decay 
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or eaten away by white ants. With the introduction of new building^ 
materials timber partitions are rarely employed these days. 
Broadly speaking, timber partitions may be divided into two differ¬ 
ent types: 

{a) Stud or common partition. 

(6) Trussed or braced partition. 

(a) Stud or. Common partition : It consists of a wooden frame 
comprising of light vertical upright members called studs which are 
fixed between two horizontal members. The horizontal member 
at the foot of stud is called sill and the one at its top is called the 
head. The studs are stiffened by horizontal timber piece called 
nogging. The studs are generally 10 cm. x5 cm. in section and are 
spaced at an average distance of 30 to 45 cm. apart. Head and sill 
are members of varying size which are rigidly secured to the ceiling 



Fig. 10-22 

Studs or common partition 

joists and floor joists respectively. The door posts arc sufficiently 
strong studs, capable of withstanding the impact due to the usage of 
the opening. The studs or short length verticals provided between 
the ,door head and the partition wall head are termed as puncheons. 
To increase the stability of the partition, the ends of head and sill 
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are usually embedded in the side walls for a short distance. The 
entire weight of the partition is borne by the floor and as such solid 
support for the sill member must be ensured. The support may be 
a solid wall or girder or a beam below the floor. 

Trussed •partitions : In places where the provision of solid 
support below the sill is not possible, ihe wooden trussed partitions 
have to be employed. Ihe wesght from the trussed partition walls 
is borne by the side of walls and thus it may be constructed quite 
independent of the floor. Trussed partition wall structure consists 



Fig. 10-23 
Trussed partition 

of a triangulated frame-work of horizontal, vertical and mclined 
wooden members. Suitable means are employed to make the com- 
bination of the members as rigid and stable. Trused partition 
comprises vertical upright members called studs and honsont^ 
members at top and bottom termed as head and sill respectively. 
In addition there are inclined members called braws and horizontal 
members stiffening the studs known as nogging. The ends ol h^d 
and sill are made to rest on stone template embedded in wall at 
ends. The joints arc further strengthened by mild steel straps and 

bolts. 
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Fig. 10*24 

Trussed partition supporting floor loads 

Qjaestions for Revision 

1. Sketch the details of wooden partition 2*44 m. high with a door 120 
om. x214 cm. in the middle, to be provided half way in a roo^ of 12 m. x 6 m. 

2. Describe the various types of partitions, giving the merits and 
demerits of each. 

3. (a) Write a brief essay on the employment of different types of 
partition walls in modern construction. Illustrate your essay with sketches and 
give a critical note about each type in respect of efllciency, durability, economy 
and. constructional aspect. 

4. Write short notes on : 

(0 Metal lath and plaster partitions. 

(//) Pie-cast concrete partitions. 

(Hi) Asbestos cement partitions. 

(/v) Glass partitions. 
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5. Draw to a suitable scale, sketch showing the elevation of a trussed* 
timber partition. Indicate on the sketch the names of the different mem^rs of 
the partition giving a brief note for their function, 

7. What is the difference between a load bearing and a non-load bearing 
wall ? What is the purpose of providing partition wall ? Suggest the type of 
partition you would recommend in a modern office building. 

7. Describe briefly the different types of brick partitions. What is the 
function of nogging in a brick partition ? Draw a neat sketch to illustrate your 
statement. 
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Ground Floors 

11*1 General. The floor of a building immediately above 
ground is known as ground floor. I n case, part of the building is 
constructed below ground level or the building has basement, the 
floor is termed as basement floor. 

There are various types of floors which are commonly adopted 
in residential or public buildings these days. Each type of floor has 
its own merits and there is not a single type that could be suitably 
provided under all circumstances. The different types of floors which 
are commonly used for ground floor construction are given below : 

(1) Mud flooring 

(2) Murom flooring 

(3) Brick flooring 

(4) Flag stone flooring 

(5) Tiled flooring 

(6) Cement concre^ flooring 

(7) Oranolithic flooring 

(8) Terrazzo flooring 

( 9 ) Mosaic flooring 

(10) Timber flooring 

{W) Asphali flooring 

(12) Rubber flooring 

(13) Linoleum flooring. 

The selection of the types of floor often pose a problem and as 
such the following points arc carefully considered before making 
final selection: 

(а) It should be durable. 

(б) It should be sanitary. 
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(c) As far as possible it should be noiseless. 

(d) It should have a good appearance. 

(e) It should be free from dampness. 

(/) It should be fire-resistive. 

(gr) It should have low maintenance cost. 

(A) It should not be very costly. 

The description of various types of floors is given below : 

11-2 Mud flooring. In a tropical country like India, mud 
floors are commonly constructed in villages. They are cheap, bard, 
fairly impervious, easy in construction and easy in maintenance. 
They remain warm in winter and cold in summer and hence are 
most suitable for places where the temperature is extreme during 
these seasons. The method of its construction i.s very simple. Upon 
the prepared bed, a 25 cm. thick layer of selected moist earth is 
evenly spread out and is rammed well so as to get a consolidated 
thickness of about 15 cm. 

It is important to note that no water is used during the process 
of ramming In order to prevent the formation of cracks after 
drying, chopped straw in small quantity is mixed with the moist 
earth before ramming. The floor is maintained by giving a thin 
cement cow-dung wash (1 : 2 to 1 : 3) once or twice a week. 

11'3 Muram flooring. Any disintegrated rock is called 
muram. Muram floors are also constructed in villages in India and 
have the same advantages as that of mud-floors. Unlike mud 
floors, they are constructed with great care. First of all a hard-bed 
or sub-grade is prepared by laying about 25 cm. thick layer of hand- 
packed rubble boulders or broken hard brick-bats and rammed 
hard. Water in sufficient quantity being used during the process of 
ramming. Upon the sub-grade thus prepared, a 15 cm. thick layer 
of muram is laid. A 25 mm. thick layer of powdery muram is 
spread over the already laid muram layer and water is sprinkled 
over the entire surface. The surface is then rammed well. After 
ramming, the surface is saturated with water, so that a thin layer is 
formed on the top of 'the rammed surface. Then the surface is 
trampled well till the cream of muram rises to the top. The surface 
is left in this state for about a day and then it is rammed again with 
wooden rammer called thapies for about three days. The dry hard 
stirface thus formed is then smeared with a thick coat of cow-dung 
and rammed once again for two days in the morning. Finally the 
surface is'finished with a cement cow-dung plaster 1 : 4 (1 cement: 
4 cow-dung). To maintain the floor in good condition, it is given 
a wash of cement cow-dung plaster once a week and the surface is 
wiped clean immediately. 
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The merits and demerits of mud or muram flooring mav be 
summarised below: ' 

Merits: 

(t) It is cheap. 

(it) It has smooth, hard and fairly impervious surface. 

(tit) It is easy in construction. 

(iv) It has sufficiently long life if properly maintained. 

(v) It maintains equable temperature in all seasons. 

Demerits : For perfect maintenance of the surface it has to be 
given cement cow-dung wa.sh once or twice a week. This may be 
objectionable from sanitary consideration. 

114 Brick-flooring. This type of flooring is commonly 
provided in warehouses, stores and godowns or in places where 
heavy articles are stored. The flooring may be done with brick laid 
flat or on edge arranged in berrying bone fashion or set at right 
angle to the walls. 

Excavation is made to the required depth, depending upon the 
nature of the soil and the type of structure. 

The sub grade may be made with a 25 cm layer of hand- 
packed lubble boulder or over-burnt brick bats well rammed and 
watered. This is further covered with 10 to 15 cm. thick layer of 
lime concrete or lean cement concrete. Upon the prepared sub-grade 
the bricks are laid in desired shape and set in cement or lime 
mortar. The joints should preferably be 1-5 mm. in thickness. To 
get thin joints it may sometimes be necessary to rub the sides of the 
bricks to obtain smooth surface. In places where the joints are 
required to be pointed, the thickness of joints should not be less 
.6 mm. 

Merits: 

t 

(t) It is durable and sufficiently hard. 

(it) It is cheaper than cement concrete, wooden or mosaic 
flooring. 

(iti) It is non-slippery. 

(tv) It is easily repairable. 

Demerits : 

It is absorbent. 

11’5 Flag-stone flooring. Any laminiscated sandstone 
available in uniform thickness of 4 to 10 cm., is called flag stone. 
The stone slab may be square or rectangular with width not less 
than- 38 cm. and thickness 4 cm. The sub-grade is prepared by 
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laying a 10 to 15 cm. thick layer of lime concrete over hard bed. On 
this sub-grade well-wetted flag stones are laid on 20 to 25 mm. thick 
mortar. When the stone slabs are properly set, mortar in the joints 
is raked out to a depth of about 20 mm. and flush pointed with 
cement motar (1 : 3). Aslope of 1 to 40 is necessary to be given in 
flag stone flooring for proper drainage. 

Merita : 

(») It is hard, durable and resistance to wear and tear and as 
such is used in workshops, motor*sheds and godowns. 

(»•) It is easily repairable. 

{Hi) It is easy in construction. 

{iv) In stone districts, it can be used with economy. 

Demerits : 

(») It does not give a pleasing appearance and hence it is not 
suitable to be provided in places like residential building or import¬ 
ant public buildings. 

{ii) Its usage is not comfortable. 

11-6 Tiled flooring. Pottery, cement concrete and terrazzo 
tiles are manufactured in square, polygonal and various other 
shapes, sizes and thicknesses these da^s. The tiles are laid on a 
reasonably hard subgrade, which may be of concrete or R.G,C. Over 
the sub-grade 12^ to 24 mm. thick layer of lime mortar is laid which 
serves as the bedding mortar. The bedding mortar is allowed to har¬ 
den for some hours and then spread over by neat cement slurry. The 
ready made tiles are laid on this surface with a thin paste of cement 
applied on their sides. The joints in tiles flooring construction are 
kept as thin as possible. After placing the tiles in position, Aey are 
slightly tapped and the extra cement that oozes out through the 
joints is immediately wiped clean with saw dust. After two or three ’ 
days, all the joints are rubbed with carborundum stone so that 
slight projections rising above the surface are levelled. The surface 
is then rubbed with soft carbdrundum stone which again follows 
rubbing with pumice stone. The rubbing of surface may be done by 
rubbing machine or by hand. The process of rubbing is also called 
polishing of the surface. The polished surface is finally washed with 
a soft soap solution. This type of floor is provided in-modern W.cs, 
battery rooms and other artistocratic buildings. 

Merits : 

(t) It is non-absorbent. 

(»i) It is easily repairable in patches. 

(»n) It offers pleasant appearance. 

{iv) It is durable. 



GBOUKD PLOOBS 


261 


(v) It permits quick laying of floor. 

(i?i) It is durable, resistant to wear and has fairly good strength. 
Demerits : 

{i) This type of construction is very costly both in initial cost 
and in maintenance. 

(ti) It becomes slippery when wet. 

11 •? Cement concrete flooring. This type of flocking is 
commonly used both in residential as well as public buildings. 

The method of laying cement concrete flooring on ground 
floor of a building can be broadly divided in the following steps. 

(») Preparation of sub-baae. |Thc earth filling in plinthis 
consolidated thoroughly so as to ensure that no loose pockets are 
left in the whole area. A 10 to 15 cm. thick layer of clean coarse 
sand is then spread over the whole area. The sand layer a con«oli- 
dated and dressed to the required level and slope. 

(ii) Laying of ba^ae concrete. The base concrete used under 
floors may be of cement concrete on lime concrete laid to a thick¬ 
ness varying from 7‘5 to 10 cm. In case of cement concrete the mix 
commonly used is 1 : 5 : 10 (I cement: 5 sand : 10 stone or over 
burnt brick aggpregates 40 mm nominal size).^ Lime concrete, if 
used, should be made up out of 40 mm nominal size stone/over 
burnt brick aggregate and 40% mortar comprising of 1 lime : 2 
sand/surkhi or 1 lime : 1 surkhi/ash : 1 sand. 

The base concrete layer is deposited over the whole area, 
thoroughly tamped and levelled to a rough surface. 

(in') Laying the topping. When the base concrete layer has 
fully set and hardened its surface is thoroughly cleaned and the 
entire area is divided into rectangular or square panels by use of 
screed strips (narrow strips of timber or steel). The size of panel is 
basically governed by the location of floor (exposed or indoor), 
temperature and other climatic conditions, thickness of topping and 
the proportions of ingredients in concrete mix. etc. In general the 
area of one such panel should not preferably be more than 3 5 sq. m. 
The surface of“ base concrete should be made damp and applied 
with in a coat of neat cement slurry prior to laying the topping. The 
rough finished surface of base concrete coated with cement slurry 
ensures adequate bond between the base and the topping. The 
cement concrete topping normally consisting of 1 ; 2 : 4 (1 cement 
2 sand : 4 stone aggregate) is then laid in required thickness in 
alternate panels. The concrete is spread evenly by using a straight 
edge and the surface is thoroughly tamped, and floated with wooden 
floats till the cream of the mortar comes at top. The surface is then 
smeothened and finally finished by means of steel trowels. 
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In case the cement concrete flooring is to be laid over R.C.G. 
slab, it is usual to allow the slab concrete to harden and then lay the 
flooring. Prior to laying the slab top is cleaned of all dirt, dust, 
loose, particles mortar droppings and debris etc. and the flooring 
laid as described under the sub-head **laying of U>pping'* above. 

In order to prevent this tendency of separation of the cement 
concrete flooring from the R.G C. slab, a 20 mm thick cushioning 
layer of lime mortar (1 lime : 2 sand/surkhi or 1 lime : 1 surkhi/sand) 
or 50 to 75 mm thick lime concrete is sometimes provided between 
the R.G.G. slab and the cement concrete flooring. 

If the working conditions permit, the flooring can also be laid 
monolithically over the R.G.G. slab while, the slab concrete is still 
green. In this case the slab concrete is roughened with wire brushes 
so as to ensure a good bond between the base and the flooring layer. 
Prior to laying of flooring, the slab surface is cleaned and a coat of 
cement slurry is applied over it. In this case any slope required 
for the floor is given in structural concrete itself. 

Merits ; 

(i) It is non-absorbent and thus it is very useful for water 
stores. 

(u) It is durable and hence it is commonly used in kitchens, 
bathrooms, schools, hospitals, drawing rooms, etc. 

(ni) It is smooth and pleasing in appearance. 

(tv) It is economical and has the advantaged of costlier types 
of floors. 

(w) It possesses good wearing properties and can be easily 
maintained clean. 

Demerits : 

(i) Defects in carelessly made floors cannot be rectifled, and 
as such, it requires proper attention. 

(n) It cannot be satisfactorily repaired by patch work. 

ll'S Granolithic flooring. It is a finishing coat provided 
over the concrete surface to form a hard, resistant to abrasion and 
durable flooring. Granolithic concrete is composed of cement, sand 
and specially selected aggregate. The grading of aggregates is very 
important. Goarse aggregates from basalt or limestone or quartzite 
are suitably graded from 13 mm. to I.S. Sieve No. 240. The 
concrete mix. is usually of 1 : 1 :2 or 1 : 1 : 3. In order to get 
monolithic construction, the granolithic concrete should be laid 
before the base concrete has set. The minimum thickness of finish¬ 
ing should be 13 mm. After laying, the surface is tamped and 
floated with wooden floats and finally smoothened by means of steel 
trowel. 
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11’9. Tcrrazaeo flooring. On account of its decorative and. 
good wearing properties this type of flooring is becoming very 
popular these days and is being commonly provided in offices, 
schools, hospitals, residential buildings, banks etc. Terrazzo is a 
concrete surface^ with special aggregate of marble chips (or other 
decorative material) mixed with white and coloured cement in pro¬ 
portion of 3 : 1 (three marble chips ; one cement). The aggregates 
arc exposed by grinding the surface mechanically or manually. The 
flooring may be laid in different thicknesses. The construction of 
40 mm. thick flooring is described below. 

The operations of the preparation of sub-base and laying of 
base concrete are carried out in similar manner as described earlier 
in case of cement concrete flooring. The 40 mm thick flooring will 
consist of a 6 mm thick layer of terrazzo topping and 31- jurn thick 
under layer of cement concrete 1:2:4. Prior to laying flooring, 
the whole area is divided into suitable panels f)y use <»f dividing 
strips (made from copper, brass, aluminium or glass) of thickness not 
less than 15 mm and width not less than 25 mm. In order to 
reduce the risk of cracking the area of one panel should not exceed 
two square metre. 

The surface of base concrete should be cleaned of all dirt, 
mortar dropping debris etc, and then wetted with water. Prior to 
laying the cement concrete under layer, the wet surface of base 
concrete is smeared with a coat of neat cement slurry to ensure 
proper bond between the base concrete and flooring. 

The concrete under layer is then spread, consolidated, levelled 
and finished to a slightly rough surface. When the under layer has 
hardened sufficiently, already prepared plastic terrazzo mixture is 
laid over the treated under-layer of concrete and compacted 
thoroughly by tamping or rolling. The terrazzo mixture consists of 
one part of cement (white or coloured or a mixture of the two) 
mixed with two to three parts of marble chips with water just 
sufficient to make it a workable mix. During tamping or rolling, 
it should be ensured that at least 80% of the finished surface should 
show exposed marble chi(>s aggregate and if necessary additional 
marble chips may be added during the process of tamping or 
rolling CO satisfy this condition. 

After tamping or rolling, the surface is floated and troweled 
and left to dry out for 12 to 18 hours. After this period the surface 
is cured under standing water for 2 to 4 days. 

Thereafter surface is subjected to first grinding by use of 
carborundum stones of 60 grit size. The whole surface is then 
scrabbed using plenty of water. All pores and holes (if any) arc 
then filled with cement grout (using the sand coloured cement as in 
the original mix for terrazzo topping) and the surface coated with 
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neat cement grout of cream like consistency. The surface is again 
cured for four days and second grinding is carried out by using 
carborundum stones of 80 grit size. In the similer manner the 
surface is subjected to third and fourth grinding by using carborun* 
dum stones of 120 to 180 grit size and 320 to 400 grit size respectively 

The finished surface is. finally worked with dilute oxalic acid 
solution. The floor is finally polished by floor polishing machine 
fitted with felt or hessian bobs, till it shines. 

11 TO Mosaic flooring. Over the hard base concrete bed, a 
5 cm. to 6 cm. thick layer of lime surkhi mortar is spread in a small 
area. The area taken .is such that the flooring can be easily 
completed in that portion without the mortar getting dry. On this a 
layer of paste consisting of two parts of sifted slaked lime, one part of 
powdered marble and one part of puzzolana is laid in thickness not 
exceeding 3 mm. This surface is left to get dry for four hours. Tiles 
or^ marble pieces, cut to the desired shapes, are then hammered on 
this surface in the desired pattern. The surface is gently rolled by 
light stone roller about 30 cm. in diameter and 45 to 60 cm. in 
length. Rolling is done till the tile or marble pieces form an even 
surface and arc cemented together properly. The surface is allowed 
to dry for a day and then polished by rubbing it with pumice stone 
fitted with long wooden handle. The policed surface is finally 
allowed to dry for some weeks before use. 

IITI Timber flooring. In hilly areas where the climate is 
damp and wood is easily available, wooden floors prove economical 
and as such are commonly used. Its u«e is not extensive in other 
places. However, they are used for dancing halls, capentry halls, 
auditoriums etc. In this type of floor, prevention of dampness is of 
great importance and hence every precaution is taken to check the 
dampness from rising above. The entire area of ground below the 
floor is covered with a 15 cm. layer of cement concrete. This layer 
is called “sife or oversite concrete.'* Timber floors essentially consist of 
boarding supported on timber joists called bridging joists or floor 
joists which are nailed to wall plates at their ends and supported by 
intermediate walls, called sleeper or dwarf walls, along their length. 
The sleeper walls are generally 10 cm. thick and are honey-combed. 
They are intended to reduce the span for the floor joists. The 
sleeper walls are seldom spaced more than 18 m. apart and are 
honey-combed to enable free circulation of air in the space below 
the floor. Longitudinal timber members called 'sleeper plates* are 
fixed on the top of sleeper walls. The floor joists are secured to the 
sleeper walls by being nailed to the sleeper wall plates. A damp- 
proof course layer is laid immediately below the wall plates to prevent 
the rising of dampness. The hollow space between the flooring and 
the oversite concrete is kept dry and fully ventilated. 



QBOITNO FL00B8 


265 



Fig. 11.1 Section through a timber floor 

Fig. 11.2 Detail showing position of voids in the honey*combed 
sleeper wall 

11'12 Asphalt flooring. On account of its being dustless, 
elastic, durable, waterproof, acidproof and attractive in appearance, 
mastic asphalt flooring is becoming very popular these days. This 
type of flooring is non-slippery and noiseless too, as such it is 
recommended for use in factories, loading platforms, swimming pools, 
and terrace floors etc. The construction of floor involves the follow¬ 
ing operations : 

(i) Preparation of mastic asphalt. 

(ii) Laying of the prepared compost (mastic asphalt). 

{i) Preparation of mastic asphalt. Asphalt, which is generally 
sold in drums, is broken into pieces and is put into an iron pot 
known as “Cauldron” and is heated with the fire lighted under it. 
During the process of heating when melting of asphalt starts, the 
whole mass is stirred in such a manner that the pieces at the bottom 
are constantly brought to the surface. When the whole quantity 
has melted, clean sharp sand or grit is then gently added to the 
molten mass in the proportion of 2 : 1. (Two parts of sand or grit : 
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one asphalt). The mixture is constantly stirred till it emits jets of 
light'brown smoke. At this stage the mixture or compost is of such 
a consistency that it drops freely from the stirrrcr and is considered 
to be fit for use. The cauldron is then taken off the fire to prevent 
the compost getting over-burnt and is used immediately. 

(ii) Laying of the prepared compost {mastic asphalt) : The 
compost is poured on the previously prepared concrete bed by means 
of iron ladle. This is brought to a uniform thickness varying from 
13 mm. to 25 mm. by means of trowels. Before the compost becomes 
hard, very fine .sand in small quantity is sifted over it and the 
surface is well rubbed with a hand float or trowel. In case it is 
necessary to have a second layer of asphalt, it should be laid before 
the bottom layer solidifies (no sand being sifted over the bottom layer 
in that case). The top layer is then finished in the same manner as 
described above. 

■|rl3 Rubber flooring. This type of flooring is not common 
in India but in foreign countries it is used in residential buildings as 
well as public buildings like offices, hospitals, schools, etc. It is 
noiseless, comfortable, sanitry and durable. Like linoleum, this 
type of flooring i.s manufactured in the form of sheets or tiles in a 
variety of colours. Its thickness seldom exceeds 10 mm. Rubber 
sheets or tiles are made by combining at very high temperature pure 
rubber with cotton fibre, granulated cork, asbestos fibre, other glues 
and colour pigments to get the designed colour. The rubber tiles 
are laid by glueing them to a smooth and thoroughly clean and dry 
base by use of a special adhesive. The base may be of concrete, 
R C G. or wood. It is expensive in its initial cost but it is a most 
durable wearing surface. Oil or grease render the floor slippery 
and it is difficult to restore it in good condition. 

1! *14 Linoleum flooring. Linoleum is a covering laid over 
wooden or concrete floors in order to hide the defects ,, 
to enhance its appearance. It is a material manufactured by mixing 
oxidised linseed oil with powdered cork, wood flour, various types 
of gums and suitable colouring pigments. The plastic mass thus 
obtained is pressed in the designed form and dried in ovens. It is 
finally cured and seasoned. It is available in varieties of colours 
both in plain and printed form. It is mostly sold in rolls which arc 
1 ‘8 to 3-66 m. in width and the thickness of the felt seldom exceeds 
6 mm. 


Linoleum can be laid in the following three ways . 

(i) By spreading the covering loose on dry and smooth floor. 

(ii) By pinning down the ends of the loosely laid linoleum 
covering to the floor below. 
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(tn) By fixing the linoleum covering to the floor by use of a 
special adhesive. 


Merits : 

Linoleum floor covering has the following advantages: 

(i) It is washable, dustproof and can be easily cleaned with 
just a swab of damp cloth. 

(u) It has cushioning eflect which gives comfort to the 
users. 

{Hi) It reduces noise effectively. 

(iv) It forms a long«wearing and durable surface if laid and 
maintained properly. 

{v) It gives a decorative floor finish which looks very 
attractive, 

(vi) It is economical. 

Linoleum floor covering is largely used in residential buildings, 
offices, schools, hospitals, libraries, restaurants, railway carriages, and 
buses ttc. It is, however, not recommended in basement floors, 

11'15 Acid-Proof Flooring. In places like chemical 
laboratories, and plants, storage battery buildings etc., where acids 
are used or manufactured, it is necessary that the floor topping should 
be acidprof. Asphalt blocks, made by moulding under high pressure 
a mixture of inert crushed rock aggregate and an acid.proof asphalt, 
successfully meet the requirements of an acid-proof flooring. The 
asphalt blocks are first laid on the hard base and then acid<pFOof 
asphalt is uniformly spread over tjic surface of the blocks. Before 
the liquid asphalt hardens, fine sand in small quantity is uniformly 
spread over it and surface is finished smooth and levelled. 

Qjnestions for Revision ’ 

'1. Describe briefly the type of floor used for different types of buildings 
and state the reasons for their choice. Give a detailed specification for a 
coloured Terraazo flooring. * 

2. Describe in brief the types or floors that are normally adopted in 
modern buildings. Explain the advantages and disadvantages of each type. 
Suggest the type of floor you would recommend for a hospital ward measuring 
12 m.xl2 m. 

- I 

3, How are the flooring materials used in construction of floor? Give 
an idea of the cost of each type of flooring in U.P. 

(a) Linoleum. 

0) Cork. 

(c) Rubber. 
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id) Qay tiles. 

(e) Marble. 

(/) Stone. 

(S) State. 

4. Give the specifications for flooring of a grain storage godown where 
trucks of 5 tonne capacity would come in and where the sub-soil water-level is 
within 1*5 m. of the prevailing ground level. 

5. Describe briefly with sketches the type of flooring you would adopt 
for the following : Justify the selection. 

(i) Operation theatre in a modem hospital. 

(//) Recreation halt of a high-class hotel. 

(ill) Public laterine. 

(/v) Warehouses. 

(v) Dancing halls. 

i 6. What type of flooring you adopt for the following : 

(fl) Grain store. 

(b) Factory hall. 

(c) Recreation hall of a high-class hotel. 

(d) Dancing hall. 

(e) Materials testing laboratory. 

7. Write short notes on : 

(а) Granolithic flooring. 

(б) Mosaic flooring. 

(c) Terrazzo flooring. 

I (d) Asphalt flooring. 

! (e) Rubber flooring 

(/) Tiled flooring 

! 

8. Under what circumstances, cement concrete flooring is recommend¬ 
ed ? What treatment would you suggest if the cement concrete flooring is to be 

I provided in the following situations. 

> (a) Basement of a building to be situated in a waterlogged ground. 

I (b) Children ward of a modern hospital. 

I (c) Bath room, ^ 

9. What type of flooring would you recommend for the following: 

(i) Lecture halls of a modern college. 

(ii) Drawing halls. 

(Hi) Laboratories. 

(i«) Hostels. 

(v) Workshops, 

10. A wooden floor is to be provided in the ground floor room. Draw 
neat sketches showing the various parts. 
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11. What factors affect the design and specifications of a floor finish ? 

Describe the types of floor you would recommend for any four of the 
following, assuming that they are to be built on hard moorum soil: 

(i) A large school hall. 

(ii) A warehouse. 

(Hi) A drawing room of a spacious residential bungalow. 

(iv) Floor of a R.C.C. reservoir at ground level. 

(v) A garage. 

12. What kind of floor finishing will be required for : 

(a) Warehouse. 

0) Walkways. 

(c) Hospitals. 

(d) Library. 

(e) Dance hall. 

Briefly describe the method of construction in each case. 



12 

Stairs 

121 Definition. A stair may be defined as a series of steps 
suitably arranged for the purpose of connecting different floors of a 
building. It may also be defined as an arrangement of treads, risers, 
stringers, newel pdsts, hand rails and balusters so designed and con> 
structed as to provide an easy and quick access to the different floors 
rendering comfort and safety to the users. The enclosure containing 
the complete stairway is termed as stair-case. 

Stairs may be made from various materials like timber, stones, 
bricks, steel, plain concrete or reinforced concrete. The selection 
of the type of material to be used depends upon the aesthetical 
importance, funds available, durability desired and fire-resisting 
qualities expected. 

12'2 Location of Stairs. The location of stairs in a building 
requires a careful consideration. In the advent of fire or any such 
calamity, stairs provide the only means of communication and as 
such 4 hcy arc so located as to serve the purpose for which they arc 



Fig. 12-1 

Part section of stair showing its various components 
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provided. In public building it should be located near the main 
entrance and in residential building it shopld be placed centrally so 
as to provide easy access from all the rooms and maintain privacy 
at the same time. 

12*3 Technical Terms. The common technical terms used 
in stair construction arc briefly discussed below : 

(1) Steps: A portion of a stairway comprising the tread and 
riser which permits ascent or descent from one floor to another. 

(2) Tread: The horizontal upper part of a step on which foot 
is placed in ascending or descending a stairway. 

(3) Riser : The vertical portion of a step providing a support 
to the tread. 

(4) Flight : A series of steps without any platform, break or 
landing in their direction. 

(5) Landing : A platform or resting place provided between 
two flights. A landing extending right across a stair-case is termed 
as half space landing and the one extending only half across a stair 
case is called a quarter-space landing. 

(6) Nosing : The outer projecting edge of a tread is termed as 
nosing. Nosing is usually rounded to give good architectural effect 
to the treads and makes the stair-case easy lo negotiate. 

(7) Scotia : It is a moulding provided under nosing to beautify 
the elevation of the step. 

(6) Line of nosing. It is an imaginary line touching the nosing 
of each tread and is parallel to the slope of the stair. 

(9) Flier : It is a straight step having a parallel width of 

tread. 

(10) Finders ; These are tapering steps which are provided for 
changing the direction of a stair. 

(11) Going of step : The run of a step in a stair or the width of 
the tread between two successive treads. 

(12) Rise of step : It is the vertical distance between the upper 
surface of the successive treads. 

(13) Soffit : It is the under-surface of a stair. 

(14) Pitch or slope : It is the angle which the line of nosing of 
the stair makes with the horizontal. 

(15) Siring or stringers ; These are the sloping wooden 
members providing support for the steps. For stairs of average 
width the stringers are usually provided one outside and the other 
adjacent to the wall. In case of wider stairs, a third stringer is 
also provided in the middle to the two. Stringers have been described 
in detail in “wooden stairs’*. 
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Fig. 12-3 
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Different types of wooden handrails 
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(19) Newel : It is a wooden or metallic post supporting the hand 
rail and is usually provided at the head, foot or at point where the 
balustrade changes its direction. 

(20) Head room or head way : It is the clear vertical distance 
between the tread of a step and the soffit of the flight or the ceiling 
of a landing immediately above it. 

(21) Spandrel'. It is the triangular framing under the outside 
string of an open string stair. 

12'4 Requirements of a Good Stair. A well-planned and 
designed stair should provide an easy, quick and safe mode of com¬ 
munication between the various floors. The general requirement 
of a good stair may be divided into the different heads, described 
below : 

(1) Location : It should be so located that sufficient light and 
ventilation is ensured in the stairway. If possible it should be located 
centrally so as to be easily accessible from the different corners of the 
building. 

(2) Wi^h of a stair : Width of a stair varies with the situation 
and the purpose for which it is provided. Obviously in public 
building where there is a regular traffic of people using the stair-way 
its width should be sufficient while in a residential building it may 
be just the minimum. The usually adopted average value of the 
stair width for public and residential building is 1-37 m. and 90 cm. 
respectively. 

{3)*Le.ngth of flight : For the comfortable ascent of stair-way the 
number of steps in a flight should be restricted to a maximum of 12 
and a minimum of 3. 

(4) Fitch of stair : The pitch of long stairs should be made 
flatter by introducing landings to make the ascent less tiresome and 
less danjrerous. In general the slope of stair should never exceed 40° 
and should not be flatter than 25°. 

(5) Head room : The head room or the clear distance between 
the tread and the soffit of the flight immediately above it should not 
be less than 2' 14 m. 

(6) Materials : The stair should preferably be constructed of 
materials which possess fire-resisting qualities. 

(7) Balustrade : The open well stairs should be provided with 
balustrade so as to minimise the danger of accidents. 

(8) Landing : The width of landing should not be less than the 
width of stair. ’ 

(9) Winders : The introduction of winder in stairs should be 
avoided as far as possible. They are liable to be dangerous and 



274 


BtriLDlxa OON8TB17CITION 


involve extra expense in construction. They are difficult to carpet' 
and arc especially unsuitable for public buildings. However, where 
the winders cannot be dispensed with, they should preferably be 
provided near the lower end of the flight. Thus instead of quarter- 
space landing three winders may be used and for a half-space land- 
ing five winders or four radiating risers may be adopted. 

(10) Step proportions : The rise and tread of each step in a stair 
should be ol uniform dimensions througout The ratio of the (going) 
and the (rise), of a step should be so proportioned as to ensure a 
comfortable access of the stairway. 

12'5 Fixing the “Going’’ and “Rise’’ of a Step. The size 
of a tread and riser vary with the situation of the stair and the pur¬ 
pose for which it has to be provided. In general, the following rules 
are used as a guide to obtain a satisfactory result : 

(1) (Going in cm.)4-(2xRise in cm.)=60 

(2) (Going in cm.) X(Rise in cm.)=400 to 410 appiox. 

(3) Adopt the standard size of going and rise as 30 cm. and 14 
cm. respectively and for each 25 mm. deducted from going add 12 
to 13 mm. to the rise. 

In addition to empirical rules described above, the 
following rules must be kept in view while deciding the step size. 
The results given below arc the ones which are practically adopted 
in the stair construction : 

(1) For residential buildings the size of step commonly adopted 
is 25 cm. X 16 cm. 

(2) For public buildings the adopted sizes of steps vary from 27 
cm. X 15 cm. to 30 cm. X 13 cm. 

12‘6 Classification of Stairs. The different forms of stairs 
may be classified under the following main heads : 

(i) Straight stairs 
(ti) Dog-legged stairs 
{Hi) Open-newel stairs 
(tv) Geometrical stairs 
(v) Circular stairs 
{vi) Bifurcated stairs 

(t) Straight stair ; The most obvious use of the straight stair is 
to form an access to entrance, porch or portico. Straight stairs cannot 
be avoided in places where the stair-case hall is long and narrow and 
the possibility of any other form of stair may not be practically 
possible. In this form of stair, all the steps rise in the same direction. 
If the ascent is steep, the straight flight may be broken at an inter¬ 
mediate landing. 
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^{ii) Dog-kggei stair : It consists of two straight flights of steps 
witfajabrupt turn between them. Usually, a level landing is placed 
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Figs. 12-4-12-7 

Fig. 12'4 ElevatiOT and plan of a straight stair 
Fig. 12*S Eievation and plan of a open-well stair 
Fig. 12'6. Elevation and plan of a dog-legged stair 
Fig. 12*7 Eievation and plan of a quarter turn newel 


across the two flights at the change of direction. This type of stair 
is useful where the width of the stair-case hail is just suflicient to 
accommodate two widths of the stair. 


276 


BUILDINO CONSTBUCnON 


{Hi) Open-newel stair : It consists of two or more straight 
flights arranged in such a manner that a clear space called a **weir* 
occurs between the backward and the forward flights. If the width 
of the stair case hall is such that it becomes difficult to accommodate 
the number of steps in the two flights without exceeding the 
maximum allowable limit of steps in each flight, a short flight of 3 
to 6 steps may be provided along the width of the hall. In this 
state the intermediate short flight will have quarter-space landing 
on its either side. 
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Figs. 12-8—12-11 

Ffg. i2' 8 Elevation and plan of a quarter>turn newel stair 

Fig. 12-9 Elevation and plan of an open-newel stair with quarter-space 
landing 

Fig, 12*10 Elevation and plan of a circular stair 
Fig. 12* 11 Elevation and plan of a spiral stair 
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• v. Geometrical stair : This is similar to the opea-newel stair 
with the difference that the open well between the forward and the 
backvsrard^ flighty is curved. In this form of stair, the change in 
direction is obtained through winders. 

(v) Circular stair : Circular stair is commonly provided at the 
backside of a building for rendering access to its various floors 
for sCTvice purposes. The circular stairs are commonly constructed 
in K..G.G iron or stone. In this form of stair all the steps radiate 
from a newel post or well hole, in the form of winders. 



Figs. 12*12—1215 

Fig. 12*12 Plan showing half-turn geometrical stair 

Fig. 12* 13 Plan showing quarter-turn stair with quarter-space landing 

Fig. 12*14 Plan showing open-well geometrical stair 

Fig. 12*15 Elevation and plan of a bifurcated stair 
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{vi) Bifvrcated stair : This type of stair is suitably P«>Y'dcd 
in modern aristocratic public buildings. ^ In this type of stair ^ 
flights are so arranged that there is a wide flight at the start w ic 
is sub-divided into narrow flights at the mid-landing. The two 
narrow flights start from either side of the mid-landing. 

12-7 Stair of DiflFcrent Materials. The commonly adopted 
materials in the construction of stairs are wood, stone steel, cast, 
iron, plain concrete or reinforced concrete, brick work or reinforced 
brick work. The stair of different materials have been described 
below. 

12-8 Wooden Stairs. Timber is mainly used for stair 
construction where fire-resistance is not of much importance. Timber 
stairs are cheap, easy in construction and maintenance and light in 
weight. Timber stairs constructed from fire-resisting hard wood, like 
oak, teak, mahogany etc., using a minimum thickness of various 
members as 5 cm. is found to serve the requirement of a fire-resistmg 
stair to a great extent. The various components of timber stairs 
arc described below : 

Stsps : The thickness of tread should not be less than 32 
and that of the risers as 25 mm. It is a common practice to adopt 
the thickness of tread as 38 mm. The riser and the treads are 
connected by tongue and grooved joints and the joints are nailed or 
screwed. The nosing of the step should not project beyond the riser 
for a distance more than the thickness of the tread. The nosing may 
be suitably finished by scotia piece. 

Stringers : As described earlier, stringers arc employed to 
provide support for the steps. Strings are inclined wooden mernbers 
32 to 51 mm. thick and 25 to 38 cm. deep. They arc supported on 
newels, timming joists or pitching pieces. Strings may be broadly 
classified into four main types : 

(*) Cut string 

(«*) Housed and closed string 

(in’) Rough string 

(iv) Wreathed string 

(i) Cut string : It is a stringer with its upper surface having 
carriages or houses accurately cut to receive the treads and risew 
ynr^ the lower edge being parallel to the pitch of the stair. It is 
considered that the appearance of stair is improved by use ot cut¬ 
string but it has the disadvantage of weakening the string as deep 
cuts have to be made in it. 
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Fig. 12-16 
Wooden stair 
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{ii) Homed or closed string ; It is a stringer having its top and 
bottom edges parallel to the slope of the stair. It has grooves cut 
on its inside to receive the treads and risers of the steps. The treads 
and risers are usually nailed^ glued and wedged to the stringer. 



iiii) Rough string : Rough strings arc introduced in wider 
stairs for the purpose of rendering intermediate support to the steps. 

{iv) Wreathed string : It is curved or geometrical stair string. 
It may be of cut or closed type. 

Winders : In narrow stairs, the treads of winder steps arc 
supported on risers which act as cantilever beams iixed in the stair** 
case wall. In such cases, the riser should be of sufficient thickness 
to perform the function of a cantilever beam. At its free end, the 
cantilever riser beam is housed into the newel post. For wider 
stairs the winders are supported by means of bearers built into the 
wall at one end and framed and housed into the newels at the other. 
The back of the bearer is rendered flush with that of the riser 
immediately over it. 

Landings : These may be constructed of tongued and grooved 
boarding on joists. The arrangement for supporting landing boarding 
diflTers with the type of landing. 

In case of straight stairs, newels are carried down to the 
ground floor and bearers are provided from the newel to the 
staircase ivall. These landing joists arc usually provided between 
the bearers. 
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Fig. 12*18 

Plan on left hand side shows arrangement of bears for supporting 
winders and the plan on right hand side shows the 
frame work for quarter space landing 
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Fig. 12*19 

Straight flight stairs 
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In forming quarter-space, landing a timber joist, termed as 
“pitching piece”, is built with in the wall at one end and housed 
with the newel at the other. Depending upon the type of newel, the 
pitching piece may be supported as a beam or act as a cantilever 
beam fixed in the staircase wall. In case where the pitching piece 
acts as a cantilever beam, it should be strengthened by means of a 
bracket below it. Pitching pieces support the ridging joist to which, 
the landing boarding is fixed. 
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Fig. 12-20 
Dog-legged stair 

For forming a half-space landing wooden joist termed ^as? 
trimmer is fixed across the width of the staircase. Landing joists' 
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or bridging joists are tennoned into the trimmer at one end and are 
supported on the staircase wall at the other end. 

12*9 Stone Stairs. Stair made out of hard, strong, resistant 
to wear stones are found to be durable and fire resisting. They are 
commonly constructed in workshops, warehouses and other public 
buildings. Their usage in residential building is generally restricted 
to outside stairs. Being heavy in weight, stone stairs require stable 
support to avoid the danger of damage due to settlement of support¬ 
ing walls. The stone steps derive their name from their shape 
and form of construction. The main type of stone are steps described 
below : 



Figs. 12-21—12-22 
Rectangular steps 

(i) Rectangular steps : They are cut from solid stone into 
square or rectangular blocks of uniform size. In its simplest form the 
steps are arranged with the front edge of one step resting on the 
upper back edge of the step below. The defect in this type of cons¬ 
truction is that the joint is not covered and may be exposed v.'hen the 
bedding or pointing mortar gets defective. This defect is overcome 
by cutting rebate at the front lower edge of step each to lap over the 
back edge of lower step. 



Figs. 12*23--12*24 
Spandril steps 


284 


BDILDING OONSTBUCTIOH 


{ii) Built up steps : They consist of treads and risers formed of 
thin swan stone slabs. They are often used as facing for concrete or 
brick steps. The minimum thickness of tread if supported at end is 
restricted to 5 cm. 
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Figs. 12-25-12-26 

Methods of fixing balusters in stone steps 

(in) Spandril step : A spandril step, excepting the ends which 
are built into the wall, approximates to a triangle in cross-section. 
The under-side of the steps or the soffit usually exhibits a plain 
surface. This gives a greater head-room. The steps arc rebated to fit 
on the one’s below. 

12’10 Metal Stairs. They are usually fabricated from steel 
and cast iron and their use is generally restricted to factories, 
godowns etc. In its simplest form, a metal stair consists of steel 
stringers to which steel angles arc riveted or welded and metal 
treads are provided over them. Sometimes concrete is filled in steel 
grating to form the treads. The details of metal stair are shown in 
figure 12-27. 

12*11 Rainforced Concrete Stairs. Reinforced concrete 
stairs predominate the stairs made from wood, stone or metal. This 
is because of the various advantages R.G.G. has over other materials. 
Reinforced concrete is perhaps the most suitable of all the said 
materials for the construction of stairs. R.G.G. stairs can be moulded 
in any desired form to suit the requirements of the architect. 



8TA1BS 


285 


The various advantages of reinforced concrete stairs arc given 
below: 



Fig. 12-27 
Metal stair 

(i) They have requisite fire-resisting qualities to a great extent. 

(u) They are durable, strong, pleasing in appearance and can 
be easily rendered non-slippery. 

{iii) They can be designed for greater widths and longer 
spans. 

{iv) They can be easily cleaned. 

(v) The cost of maintenance is almost nil, if used properly. 

(vi) In a framed structure of reinforced concrete, R.C.C. stair, 
is perhaps the only choice. 



Figs. 12-28—12-33 

Different methods of protecting the nosing of concrete steps 
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Fig. 12*34 

Details of an R.C.C. stair 
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Fig. 12*36 Elevation of a spiral stair 
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nosing of the step getting cracks or knocking off, it should preferably 
be protected by metallic strips or angles as shown in Figs. 12’28— 
1233. 

12*12. Design Principle. The choice of the type of stair to be 
adopted depends very much upon the size of the staircase hall and 
the loading conditions. In short the design of the reinforced concrete 
stairs may be summarised in the following few steps : 

(i) R.C.C. steps cantilever out from the stair>case wall and act 
both as supporting beam and stair. 

(ii) R.C.C. steps spanning between two inclined R.C.C. beams. 

(in) An inclined slab of the full width of the stair and supported 
between beams or landing slabs at either end and the steps cast 
monolithic with the inclined slab. 

The various details of R.C.C. stairs are shown in figure 
12 34. 


Questions for Revision 

1. -A suitable stair has to be located in a stair-case 7’62 rn. long, 4‘57 m. 
wide and 4 57 m. high, with a door 1*22 m. wide in each of the longitudinal 
wall. The doors face each other and arc located with their centres at a distance 
of 1‘07 m. from the respective corners of the stair-case. Assuming that it is in 
a public building, design the stair and draw a dimensional sketch plan and a 
dimensional sketch section to illustrate your proposals. 

2. Write short notes on the following : 

(i) Geometrical stairs. 

(//) Dog-legged stairs. 

(iiV) Opcn-newcl stairs. 

3. Write the requirement of a well-designed stair. Describe the type of 
stair you would recommend for connecting two wooden floors in a high-class 
hotel. 


4. Draw complete details of an R.C.C. stair-case for fan office building 
leading from the ground to the first floor. Height of the floor is to be 4*27 m. 
and the width of the steps is to be 1*22 m. State reasons for the size of the 
risers and treads adopted by you. Provide a lift well 1*22 m.x 1*83 m. 

5. What do you understand by the following ? Draw rough sketches to 
support your answers wherever necessary : 

(o) Landing 

(b) Nosing 

(c) Stringer 

(d) Winders 

(e) Balustrade 
(/) Spandril. 

6. (a) State briefly the requirements of a good stair-case. 

(6) How are treads and risers proportioned ? 

(c) Where do you use : 
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(0 Dog-legged stair. 

(//) Open newel stair. 

(tii) Geometrical stair. 

7. Sketch neatly large view to show details of the following: 

(i) Treads with rounded nosings. 

(if) Tongued risers. 

(i/i) Wall or outer string. 

(iv) Newel, hand rail and balusters. 

8. A two-storeyed building is to have a R.C. stair-case from ground to 
first floor roof. The size of the stair case is 4*27 m. x 3 m. and there is one door 
opening in the short wall and a window opening on the opposite wall. 

Design the stair-case, give the details of foundations, R.C. slab, arrang- 
ment of building, risers and treads with their top finishings with suitable 
sketches. The width of the stair is r22 m. and the height of each story is 
3-36 m. 

9. Write short notes on the following : 

<i) Metal stairs. 

(i7) Stone stairs. 

( 11 /) R.C.C. stairs. 

(iV) Spiral stairs. 

10. A straight flight stair has to be provided for connecting two floors. 
The vertical distance between the floors is 3 m. and the width of stair has to 
be restricted to 75 cm. for want of space. Draw sectional plan and elevation 
of the designed stair, showing clearly the constructional details. 

11. What are the different types of stair cases used in buildings ? Which 
of them will be most suitable for a public’.building ? Inscribe in details the 
construction of a helicoidal stair case and state where this is commonly used. 

{A.MJ.E., Nov. 1969) 

12. What are the limitations on different types of stair cases in regard 
to their rise and tread. How would you choose them for ; 

(o) House ; (A) School; 

(c) Hospital (cO Railway station. 

{A.M.I.E. May 1970) 

a 

13. Discuss the considerations in planning of stair-cases for buildings. 

Illustrate the different types generally used, indicating their suitabiilty 
for specific uses. {A.M.l.E. May 1971) 
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Structural Design of Stairs 


13*1 DesSga of Stairs. As per Indian Standard Code of 
Practice, stairs, landings and cantilever access balconies may be 
designed for the super imposed or live load of 300 kg. per square 
metre for residential or office buildings and 500 kg. per square metre 
for other public buildings and warehouses etc. 

The slab portion under the steps called the waist is considered 
to take the hole load and is designed as an ordinary slab. 

Depending upon the method of support provided R.G. stairs 
slab may be divided into two types : 

(t) Stair slab spanning horizontally 

(ii) Stair slab spanning longitudinally, 

13 2 Stairs Spanning Horizontally. In such types of 
stairs, the slab is supported on cLch side. The supports may be prOi 
vided by the walls on either side ; stringer or wall beam, on one side 
and beam on the other. Stairs may also be designed to span hori* 
zontally when there is a newel between the backward and forward 
flights. Each stair is supported at one end by the newel wall and at 
the other end by a side wall. In such a case the waist slab is 

designed for a bending moment = -g-, where I is the horizontal dis-j 

tance from the centre to centre of the sup ports. 

13*3 Stairs Spanning Longitudinally. In this type, the 
waist slab is supported at bottom and top of the flight and is 
unsupported at the sides. The flight of the stair is continuous 
having beams both at top and bottom. The waist slab may be 
designed as a horizontal slab spanning over horizontal distance equal 
to the centre to centre distance of the supported beam. The waist 

wl^ 

slab is designed for a bending moment of . • Where the flights or 

landings are built into wall, the landing slab is assumed to span in 
the same direction as the stairs. They should be considered as acting 
together to form a single slab. The effective span for each flight 
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4shall be taken as the clear horizontal distance covered by the flight 
including the whole of landing plus 8 cm. at either end for end 

bearing. The formula for bending moment is given by —x— • 

8 


Sometimes the landing slab may span at right angles to the 
direction of the stairs. In such a case the landing slab may be 
supposed to be acting as a beam supporting the flights. The effective 
span in such a case should be taken as a distance equal to the going 
of the stairs plus at each end either half the width of the landing or 
one metre whichever is smaller. 

13'4 Distribution of Loading on Stairs. As per Indian 
Standard Code of Practice, in the case of stairs with open wells, 
where spans partly crossing at right angles occur, the load on areas 
common to any two such spans may be taken as one half in each 
direction and 15 cm. wide strip of the landing near the wall should 
be considered as not subjected to any live bad. 


To obtain the weight on plan, of the inclined waist slab, its 
weight at right angles to the slope, must be increased in the ratio of 


T * 

For computing the weight of the steps, weight of slab equal, to 
half the rise may be taken and this value may be treated as t^ 
weight of the step on plan. 

13*5 Deasgn of a Dogdegged Stair 

Example. The main stair of an office huiliing is to be located 
in a stair-case measuring 3 cm.x 6 m. If the vertical distance between 
the floors is 3'5 m. draw a dimensional plan and section of the proposed 
B.C.C. stair showing details of comtruclion, i.e. position of reinforce¬ 
ments in the different portions of the stairway. Assume the weight of 
B.C.G.=2300 kg.lm\ 


Solution 

It is proposed to provide a Dog-legged stair and keeping in 
view the utility of the stair, its width will be kept 1*4 m. and as such 
the width of the landing will also be restricted to 1*4 m. Assuming 

3'5 

two flights, height of each flight=1*75 m. 


175 cm. 
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Assuming 16 cm. riser ; no. of risers required 

« 11 numbers, say 
175 

Exact size of each riser — — 

ss= 15 8 cm. 

No. of treads to be provided in each flight 
T = i?-l 
= 11~1 = 10 

It is proposed to keep the width of the tread 

27 cm. 

Space occupied by 10 treads 

= 27 X 10 =■ 270 cm. 

Space lefl for passage 

= 5-(l-4+2'7) 

= 0’9 m. 

= 90 cm. 

Stnidural Calculations 

Total horizontal projection of the waist slab 

= 1-4+2-7 
= 4*1 m. 




Fig. |3’1 
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Assuming the thickness of the waist slab to be 18 cm., its weight 
on slope 


« 0-8x2300 
s= 414 kg. 


Its weight on plan = 


418/J?*+T» 

T ■ 

414V‘l5-8»-f27* 


27 

=414x1-16 
=480 kg. 

Consider a strip of slab 1 m. wide. 

Load per metre run : 

(1) Weight due to waist slab = 480 kg. 

(2) Weight due to step cm., thick^ = 182 kg. 

(5) Weight due to finishing etc. (assumed) = 6 kg. 
(4) Live load = 400 kg. 


Total Load (w) = 1068 kg./m. 
Effective span *= 4-1+{0-18—0 02) 


I =s 4-26 m. 

Jf = 

1068x4-26* 


8 


8 

= 2420 kg. m. 
=242000 kg. cm. 
Required effective depth of slab 

‘-■II 


-■R 


242000 


48x100 


= 16*91 cm. 
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Adopt an overall depth of the slab^ 18 cm. and effective depth 
-2 S9 16 cm. 

Area of steel required : 

M 


Ae= 




242000 


0-87x16x1400 
= 12-42 sq. cm. 

Fitch of 14 mm. ^ bars (area of 14 mm. ^ bar=l-54 sq. cm.) 

_]^0xl^4 
12-42 
= 12-4 cm. 

= 12 cm. c/c. say. 

Distribution bars @ 0-2% of the area of concrete 

0-2x18x100 

“ 100 

~ 3*6 sq. cm. 



Section XX 
Fig. 13-2 

Pitch of 8 mm. 4> distribution bars (area of one 8 mm. ^ bar 

= 0-5 sq. cm.). 

100x0-5 , 

= — 3^6 — “ 

=s 14 cm. c/c., say. 
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]3'5 Design of an Open Well-type Stair 

Example. J suitable stair has to be located in a stair-case 6 m. 
long, 3 6 m. and 3 6 m. high with a door I'lS m. wide in each of the 
longitudinal walls. The doors face each other and are located with their 
centres, at a distance of 108 cm. from the repective corners of the stair- 
case. Assuming that it is in a public building, design the stair and 
draw a dimensioned sketch plan and a dimensioned sketch sedion to 
illustrate your proposals. Adopt the weight of B.C.C.^2300 kg.jm*. 

Solution 

Assuming the width of the stair to be 1*25 m., the space avail¬ 
able in the centre of the stair case == 3*6—2 x 1*25 

= 1*1 m. 


Hence, an open well type of stair shall be provided. 

j 

Assuming 15 cm. riser ; no. of risers required 


3*6 X 100 
15 


=s 24 Nos. 


If we provide two flights, no. of risers in each flight = ^ = 12 

Since it is a public building, 12 risers in one flight appear to 
be more. 

Hence provide 4 treads, in the landing portion and make the 
stair of quarter space landing type. 


Provide 9 treads each, in the remaining two flights. 

Total no. of risers required to accommodate 22 treads in three 
flights SB 25. 


Hence height of each riser 

3*6x100 
“ 25 

s= 14*4 cm. 

Adopt the width of the tread « 27 cm. 

Space occupied by 9 treads = 9 x 27 cm. 

«=s 243 cm. 

Fig. 13*3 shows the final arrangement of steps. 
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Fig. 13-3 

Structural calculations 


Loads: 

Dead load : Assuming the thickness of the waist slab to be 
18 cm., measured at right angles to the slope : 

T* • u* 1 018x 

Its weight on plan = - 


2300V'/2*+T2 


14I4V'l4*4*+27> 

27 


= 414x1*133 
« 469 kg. 


It is assumed that the landing slab is also 18 cm. thick. 

Loading conditions in landing portion and in the inclined 
flight will be different and as such, the loads for the two will be 
calculated separately. Consider a strip of slab one metre wide. 

Loading in inclined flight slab : 

(1) Dead load due to waist slab = 469 kg/m. 

(2) Wt, due to steps (7*2 cm. average thickness) 

= 166 kg/m. 

(3) Wt. due to finishing etc. - = 6 kg/m. 

(4) Live load = 400 kg/m. 


— 1041 kg/m. 
sa 1040 kg/m«- (say) 


Total 
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Loading in the landing portion : 

(1) Deadioad due to landing slab » 0‘18x2300 

(18 cm. thick assumed) == 414 kg/m. 

(2) Wt. due to finishing etc. = 6 kg/m. 

(3) Live load = 400 kg/m. 


Total = 820 kg/m. 

Load distribution and effective span : 

As per rules the load on landing common to two flights shall 
be taken as equally divided between the two flights, and 15 cm. 
wide strip of the landing near the face of bearing wall shall be 
considered as not subjected to any live load. 

Design load for landing portion in each direction 


820 

2 


410 kg/m. 


The effective span for all the flight shall be taken as the clear 
horizontal distance covered by the flight including whole of landing 
plus 8 cm. at either end of flight for end bearing. 



. LOADIWG COMDITIOK3S IW FLIGhI A& 




LOADINJG COWDITIOWS IN FLIGHT CO 


Figs. 13-4—13-6 




TtTTrT.TlTWA nfYKtS»PT»TTn *Pin-W 


Since the loading conditions in the flight AB and CD are just 
identical, only flight AB will be designed and the same design will* 
hold good for the flight CD also. 

To calculate Max. Bending Moment for the flight AB. 

Taking moments about A, we have 

i?BX3-84 = 469x0 08x®-^+1040x2-43x 1-295 

+410 X 1 • 1 X 306+414 x 023 x 3-725 

= 1303 kg. 

i?A = (469x0 08+1040x2-43 + 410x 1-10+414x0 23)-1303 
= 3113 kg.-1303 kg. 

= 1810 kg. 

Max. B.M. will occur where the shear force is zero. Let the- 
shear force be zero at any distance x from A. 

At the point of zero shear force 

0-08 X 469+1040(a;-008) = Z?a 

= 1810 kg. 

or 1040 a; = 1855-68 

1855-68 
1040 ' 

= 1-784 m. 

Max. B.M. at 1-784 m, from A 

= 1810xl-784-469x-08x1-744 

-1040x1*704x0.85 

= 1649 5 kg. m. 

= 164950 kg. cm. 

Max. B.M. in flight BC : 

The loading on the flight being symmetrical : 

= i?o = 4(2x414x0-23 •i-2 x 410x 1-11 + 1040x1-08) 

= 1112-2 kg. 

Max. B,M. will occur at the centre of the flight, its valu 
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= 1112-2X 


3 76 


•414 X 0-23 X 1-765 


—410x111x1 095-1040x^X?^ 

= 1277-2 kg. m. 

= 127720 kg. cm. 

Required effective depth of the inclined waist slab, to resist 
max. bending moment in the Bight AB or CD. 


d 


-i 


M 

Qb 


164950 


“ \/'8 48x100 
= 13 08 cm. 

Adopt overall depth of slab =15 cm. 
and effective depth = 15—2 = 13 cm. 

Although the depth of the landing slab will work out to be 
slightly lesser but it is proposed to maintain the same depth of 15 cm. 
for the landing slab also. 

Area of steel required for the flight AB or CD 

M 


At = 


O/^.d.t 

164950 


~ 0-87 x 13 X 1400 
= 10-41 sq. cm. 

Using 14 mm. 4> bar (area of one 14 mm. <f> bar = 1*54 sq. cm.) 
pitch of the bars required : 

100x1-54 
■“ 1041 

= 14-8 cm. c/c. 

= 14 cm. c/c say. 

Area of steel required for the landing slab BC, 

M 


At^ 


€bi.d t 


127720 


- 0-87x13x1400 
= 8 07 sq. cm. 
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Using 12 mm. ^ bars (area of one 12 mm. bar 
cm.), pitch of the bar required : 

lOOxl-13 
“ 807 

= 14 cm. c/c. 

Distribution bars % 2% of the area of concrete f 

0-2x15x100 
~ ■ 100 

= 3 sq. cm. 

i4mM •4cm.e/e , 
10 inm.4 SH0B.T 

14. min .4 014 cm. e/^ — 


kFLoott. Levee 


••leTcatc- 


ieTnm.4<!P 
«4 cm. c/j, 


f. . -. 

•4.4Cm. 

T I- 


14 mm. 4 e 14 c m. c/^ 

6mro.4(2 * ^/c 


14 mm. 4 ^ 2 a cm. c/c 


Z45 cm. 


125 cm.— 


SECnON-XX 
Fig. 13-7 


12 mm. 4 9 14 cm c/^ 


'4.4cm. * r“ 
14 mm. A A TT • f '■ ' 

14 cm. c/t ^ 


iomn.4sM02T meU 


i4.«ii.4^Mcm 

Vc 


15 cm. 

r f 


»12 «m 4 © cm. y, ✓ 
^ Y.i4mm.4^i4cmc^ j fj 

14A \ \ \4l 

4304. 126 cm. ^ loe cm, ~ 4 -.i 26 cm. —fsof 

• cm , • » ' cm. 


SECTION-YY 
Fig. 13*8 
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Using 6 mm. ^ distribution bars (area of one 6 mm. ^ bar 
0*28 sq. cm.), pitch of the bars required 

100x0*28 
"■ 3 

S5= 9*33 cm. c/c. 

*=i 9 cm. c/c. say. 

Qjaestions for Revision 

1. Design an R.C.C. stair located in a stair-case hall measuring 
2*5 m. x5*5 m. The vertical distance between the floors is 4 m. Draw a section 
showing details of reinforcements. 

2. (a) Design and draw sketch showing details of a reinforced concrete 
staircase 1*22 m. wide to connect two floor 4'12 m. apart. The stair case room 
fs 5'49 m.x4*88 m. with three side walls, one side being open to the halls in 
each floor. 

(6) Give short speciflcations regarding the material and workmanship 
for the above construction tn ensure satisfactory work. 

3. Design from emperical rules a suitable stair-case to connect the 
ground floor of a public building with its first floor. The stair hall is 6 m. long 
by 4‘5 m. wide, and the height of the first floor above the ground floor is 4 m* 
Windows are to be provided to light up the stairs. 

Draw neat sketches of the plan and sectional elevation of the stairs with 
dimensions. (A.M.I.E. Nov. 1967) 
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Upper Floors 

141 General. Depending upon the arrangement of beams 
and girders or the frame work for supporting the flooring and the 
materials used in the construction of the entire system, the upper 
floors may be broadly classified into the following different types : 

(1) Timber floors. 

(2) Timber floors supported on rolled steel joists. 

(3) Flag stone floors, resting on steel joists. 

(4) Jack arch floors. 

(5) Reinforced cement concrete floors. 

(6) Ribbed floors. 

(7) Pre-cast concrete floors. 

14‘2 Timber floors. There are three main types of timber 
floors : 

(1) Single floors 

(2) Double floors 

(3) Framed floors 

(1) Single floors. They are the cheapest form of wooden 
floors. They are easy in construction and are frequently used in 
domestic buildings. These floors are constructed by fixing 25 to 
30 mm. thick planking or boarding to wooden joists known as 
“bridging joists’* spaced at 30 to 40 cm. apart. The bridging joists 
arc placed along the short span of the room and are nailed to timber 
wall plates fixed in the wall on either end. The span for single floor 
is limited to 3 66 m. as for greater span, the joists become very deep 
and consequently this system proves uneconomical. The depth of 
joists depend upon the loading condition of the flooring. The joists 
arc designed both for strength and rigidity. In other words the ’oists 
provided should be such that they may safely carry the floor loads 
without deflection. The joists should not be allowed to come in 
contact with green mortar or masonry as this would cause the wood¬ 
work to rot and decay. Thus a gap is left between the end of the 
joists and the wall so that there may be free circulation of air round 
the jdists ends. If by any chance there is slight sag in the joists, 
there is every possibility of the ceiling (if any) fixed to joists to 
crack. 

Strutting of bridging joists : When the span of the room is more 
than 2-44 m. the bridging joists have a tendency to buckle. In deep 
.joists this tendency of tilting or buckling sideways in prominent. To 
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prevent this the joists are strutted apart in the midspan all along 
the length of floor. There are two different types of struttings^ 
namely : 



Fig. 14*2 

Sectional details and isometric views of Herring bone and 

solid strutting. 


-P 

To 
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(i) Herring bone strutting 

{ii) Solid strutting 

Herring bone strutting consists of a system of inclined pieces of 
timber 2*5 to 3 8 cm. thick and 5 cm. wide fitted diagonally between 
the bridging joists in such a manner that they cross each other in the 
middle of the joist. At their ends, the timber pieces are splayed and 
are secured to the joist by nailing. To give additional strength to 
the strutting joist, wedges are inserted between the walls and the end 
joists of the strutting. 

Solid strutting is not so strong as herring bone strutting. This 
consists of short pieces of timber board, 2 5 to 3 8 cm. thick, fixed 
between the joists in continuous row. The length of each piece 
being equal to the centre to centre spacing of the bridging joists and 
breadth being about 20 to 25 mm. less than the depth of the bridg¬ 
ing joists. To strengthen the strutting, a 13 to 25 mm. ^ steel rod, 
placed by the side of strutting is passed through the mid-depth of 
all the joists and is tightened at its ends. 

Methods affixing ceiling : The underside of the floor docs not 
provide a good appearance for the users of ground floor. In order 
to have the pleasing effect of plain ceiling, the bridging joists must 
be connected. Ceilings of wood, jack board, floor board, etc. arc 
fitted to the bottom of joists for this purpose. Metal lathe and plaster, 
ed ceiling are also commonly provided. The various methods of 
fixing ceiling to the joists are described below. 

(i) The ceiling boards which may be of wood, jack-board, 
fibre board or other similar material are directly nailed to the under¬ 
side of the bridging j(»ists. This is the simplest and cheapest from of 
ceiling. Due to the vibrations arising in the floor joists on account 
of the floor usage, this ceiling is liable to crack or open at joints. This 
type of ceiling is not sound-proof unless specially treated. - 

(ii) In the second method every third or fourth joist is made 
deeper and the ceiling is nailed to the ceiling joist fixed to the deeper 
joists. Although this type of ceiling renders the floor more sound¬ 
proof, but the increased depth of bridging joists (which is not neces¬ 
sary from structural considerations) required for fixing ceiling, makes 
the floor deeper and ceiling costly. 

(iri) In the third method the ceiling is supported entirely inde¬ 
pendent of the flooring. Separate beams called “ceiling beams” arc 
laid parallel to the bridging joists at suitable distance apart. The 
ceiling, strong and rigid enough to carry ceiling loads, is fixed in 
the wall plates in the end walls and is kept about 20 to 25 mm. 
^low the bottom face of the boarding. Ceiling joists are fixed at 
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Tight angles to the ceiling beams. Ceiling of required material is 
then fixed to the ceiling joists as shown. 



fcOAUIMG—< &RI0QIM6 JOia 





CiiLiMG^ STtuTs ^aaiociaia joiST 


CaiLIMA JOIST 


Figs. 14-3-14-6 

Methods of fixing ceiling to wooden floors 

Method of Soand-proofiag of Timber floors. In its simple 
form, the method of sound-proofing of timber floors consists in divid< 
Ing the space between the bottom of the boarding and the ceiling 
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means of insulating-material. This insulating material obstructs the 
sound waves and does not allow them to travel from floor to the 
ceiling. The base for storing the insulating material is made by fixing 
small timber piece (fillets) on either side of each bridging joist which 
supports the insulating boards. Upon these boards insulating material 
which may be sand, dust, asbestos, cork, slag wool, etc. is filled as 
shown in the figure below. 



Fig, 14 7 

Section of a wooden floor showing method of making it sound proof 

(2) Doable floors. In case, the shortest span of the room is 
more than 3*66 m. and it is desired to provide a timber floor, double 
type of timber floor may be constructed. The span of double floors is 
restricted to 7‘32 m. beyond which framed floors have to be adopted. 
In double floors the bridging joists do not span the whole room, but 
rest on other joists placed at right angles to them. These joists are 
called binding joists or binders and are placed across the short span. 
Thus in double floor, the bridging joists'support the boarding and 
4he binders support the floor load through bridging joists. The centre 
to centre spacing of the binder varies from 1*8 to 2*4 m. At their 
ends, the binders rest on stone or concrete templates embedded in 
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the walls. If possible, the binders should not be placed immediately 
over door or window opening, but if this cannot be avoided, they 
should rest on lintel or beams (of stone or R.G.G.) which may span 
over piasters between the openings. There are two different ways 



Fig. 14-8 

Plan showing arrangement of supporting boarding in a wooden 

double floor 

of fixing the bridging joists to the binders. In one, the bridging 
joists are cogged to the binders ({.€. notches are cut on the top of 
binders and the bridging joists are fixed on them). The depth of 
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ROARDIHG 
rRi^lOGSMG JOIST 
rCilLIHG JOIST 



■WAll PLATt 
rBIMPE.R 

r'BOARDiMG 



rBRIOGIMG JOISTS 

section-aa' 


riLLET 


SLCTIOW-bB' 


Fig. 14-9 



SCAB DIM G 


SKIDS INC JOIST 


SIMDE K.S 



FILLETS 



Figs. 14*10—1413 

Details showing the different methods of supporting bridging joists 
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notch should not be more than |rd depth of the bridging joists and 
width of notch may be 25 mm. The disadvantage of this method is 
that the cutting of the notches on the compression side of the binders 
render them weak in strength. In the second method, timber pieces 
or fillets are fixed on either side of each binder and the bridging 
joists are cut as shown, so as to rest on fillets. This method of fixing 
is better than the first one. This type of floor is stronger and more 
rigid than single floor construction and has better sound insulating 
property. The plastered ceiling fixed to the binders through the 
formwork of fillets and ceiling joists, is not liable to crack in this 
floor. Double floors are costlier than single floors and have increased 
depth of floor which reduces the head room. In some places where 
the floor is subjected to such loading conditions as would require 
deep wooden binders making the floor deep excessively, the depth of 
the floor can be appreciably reduced by providing R.G.C., steel or 
flitched binders. 

The alternative methods of floor fixture using different types of 
binders arc shown in the figures 14'10—14’13. 

(3) Framed floors. When the shortest span of the room or 
hall exceeds 7*6 m., framed floors arc provided. In this system of 
wooden flooring, boarding is supported by bridging joists laid paral¬ 
lel to the short span. Bridging joists are fixed to the binder laid 
parallel to the long span or at right angles to the bridging joists. 
The binders are further supported or fixed into large and heavy 



Fig. 14*14 

Section through a framed floor 


beams called girders and are placed parallel to the short span. The 
centre to centre spacing of the girders depend upon ^he loading 
conditions and the size of the binders. At their ends, the girders 
are supported on stone or concrete templates embedded in walls. To 
avoid the loss of headway or to reduce the thickness of floor, the 
binders are framed into the girders by means of tusk and tenon 
Joint. A gap is left between the walls and end of girder so as to 
ensure a free circulation of air at the ends, and avoid the defect of 
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rot or decay. It is important to note tbat the ends of two binders 
from opposite sides should never be framed into the girder at one 
place, as it would weaken the girder considerably. The binders 
should be framed in a staggered fashion. 
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Fig. 14*15 

Views shewing different types of joists used in floor boarding 
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14’3 Timber Floors Supported on Rolled Steel Joists. 

This system of flooring is similar to ordinary timber floor except that 
wooden joists are replaced by rolled steel sections which are avail¬ 
able in longer lengths. This enables the use of lighter sections of 
wooden members which ultimately make the floor economical. In 
order to reduce the depth of floor, the joists supporting the flooring 
are notched over the top flanges of the girder and are made to rest 
upon angle iron cleats bolted on either side of each rolled steel 
Joist. 

14'4. Flagstone Floors Resting on Steel Joists. It is a 

cheap and easy form of floor construction. If the width of the room 
is not more than 3‘66 m., rolled steel joists of smaller sections are 
spaced at 30 to 45 cm. centre to centre along the width of the room. 



Flagstone floor resting on steel joists 

38 mm. thick flagstones of width equal to the centre to centre 
spacing of the joists are placed on the lower flanges of the R.S.J’s. 
Portion above the flagstone is then filled with light weight concrete, 
lime concrete, moorum or mud so that the consolidated thickness of 
filling lies about 13 mm. above the flanges of joists. Finally tiles, 
cement concrete, flagstone or any other desired type of flooring can 
be laid upon the filled material. If lime concrete is used as filling 
material, the steel joists are protected from the rusting action of 
lime by providing a screen of cement concrete round them or by 
applying a coat of bitumen or paint on the surface of the joists. 

If the shortest span of the room exceeds 3'66 m. in its dimen¬ 
sions, the smaller steel joists are supported by bigger rolled steel 
Jobts (or steel beams) of the designed sections. The steel beams 
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span the width of room and are spaced at 2’4 to 3 m. apart. The 
method of laying flagstones and filling above is the same as described 
above. 

14'5. Jack Arch Flooring. This type of flooring may be 
constructed by using brick or concrete. The arches span between 
the lower flanges of rolled steel joists, spaced at centre to centre 
distance not exceeding \'2 to 15 m. The arch is given a rise of 
of the span. As the arch action of floor develops tension in the 
supporting walls, mild steel ties (not less than three in a bay), are 
provided in end span at suitable distances apart. The diameter of 
the tie rods varies from 18 to 25 mm. and they are usually spaced at 
T8 to 2'4 m. apart. The tie rods are anchored into each wall with 
a stout washer. The floor may be finished with tiles, cement 
concrete, mosaic or any other desired finishing after filling the space 
above the arch with lime-concrete or other filling material. The 
ceiling in this type of construction is not plain and this is considered 
a defect of this flooring. 


Method o/ construction of brick Jack arch flooring : The centring 
of the arch consists of a 38 mm. thick segmental piece of timber 
with a chord length equal to the span of the arch and the curved 
portion of the arc forming the soffit of the arch curve. The centring 
board is cut slightly at its ends and is laid on edge with the curved 
portion upwards, on the lower flanges of the rolled steel joists at a 
distance of 7*6 cm. from the wall. The selected bricks arc then laid 
on edge on the centering board from both the ends of the arch. 
The end bricks are cut suitably to the required shape to enable 
them to fit in the joists properly. In order to prevent to joists from 
the rusting action of lime, the joint next to the joist is filled with 
cement mortar. In the first arch ring, the bricks are arranged in 
length of 20 and 10 cm. alternately. This is necessary to secure a 
bond between the first and the successive arch rings. The key brick 
is laid in stiff mortar and is filled in the arch as tight as practicable. 
The centring board is then advanced further by light hammer 
blows in a new position which is 20 cm. ahead of the previous one 
and the second arch ring is constructed. 


Similarly, the. successive rings are constructed. The entire 
work is kept wet for 10 days. After this, the space is filled with lime 
concrete, moorum or light weight concrete or any other desired fill. 
Finally, the required type of flooring is laid above the consolidated 
filling. The following precautions are necessary to be observed in 
the brick arch construction. 

(1) Only first-class bricks, which arc well wetted before, should 
be used in arch construction. 
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(2) It should be ensured that the steel joists are well secured to* 
the supporting wall before starting the arch construction. 

(3) If lime concrete is used for filling the haunches of the 
arches, the R.S.J’s are protected from the rusting action of lime 
concrete by providing a screen of cement mortar round them. 



(4) The woik should be property cured for at least 10 days. 

(5) Filling above the arch and construction of floor should start 
only after curing has been complete. 

Constrvetion of concrete Jack arch flooring : The centring for 
concrete arch construction consists of 3 mm. thick mild steel plate 
bent to the shape of the arch soffit. The steel plate has holes at 
75 cm. centre to centre all along the length of the plate at each end. 
In order to support the mild steel centring two 12 mm. diameter 
iron rods of suitable length are employed. Each rod is hooked at 
one end so as to form eyes large enough to allow a 12 mm. diameter 
rod to pass through them. Each rod is passed through the eye of 
the other and the straight ends of the bars are then passed through 
the holes in the mild steel plate and are supported on the two flanges 
of the rolled steel joist. Thus the centring plate gets supported on 
the lower flanges of the joist through the iron bars at every 75 cm. 
along the length of joists. A wooden paking piece is tightly driven 
between the rods and the mild steel plate in order to make the 
centring more rigid. 

Concrete of the specified mix is then laid on the top of the 
centring plate to the required depth and consolidated properly. 
Desired type of flooring is then laid over the concrete base and 
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Fig. 14*18 

Concete Jack arch flooring 

finished. The whole flooring is kept wet for least 10 days. After the 
curing is complete, the centring is removed by removing the wooden 
packing piece and then hammering the eyes in the rods towards each 
other. The under*side of the arch is then plastered to improve the 
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appearance of fhe surface. The precautions for brick arch construction 
hold good for concrete Jack arch also. 

14'6 Reinforced Cement Concrete Flooring. On account 
of a number of advantages of the material, R.G.C. flooring has 
become very popular these days. Though strong in compression) 
concrete is extremely weak in tension. Its resistance to tension is so 
low that plain concrete can be only used where the member is in 
pure compression. Steel is equally strong in compression. Thus the 
combination of concrete and steel has proved to be ideal for floor 
construction. R.G.C. floors can be classified in the following main 
types : 

( i) R.G.C. slab flooring. 

(it) R.G.C. beam and slab flooring. 

(in) Flat slab flooring. 

(ir) R.G.C. ribbed flooring (Hollow tiled flooring). 

(») B.C.C. slab flooring : For small spans say 3 66 m. which are 
not subjected to heavy loadings, a simple slab may suffice. When 
the ratio of length of the room to its breadth is greater than 2, the 
floor slab is designed to span a long the width of the room as a one¬ 



way slab. In this case, the main reinforcement of the slab span 
along the width, while distribution bars are laid parallel to the length 
of room. Depending upon the building plan, the slab may be simply 
supported on the wall, or it may be continuous over intermediate 
walls. The design of a continuous floor slab is different from that 
of a simply supported one. If the length to breadth ratio of the 
room is less than 2, the floor slab is designed as a two way rein¬ 
forced slab. In this case, main reinforcements are provided both 
along the length as well as along the breadth of the room. The 
details of reinforcements in such types of slabs are shown in the 
Fig. 14-20. 

The maximum bending moment for which the slab should be 
designed varies with the nature of the slab (whether one way rein¬ 
forced or two-way reinforced) loading conditions, the number of 
spans and the end conditions of the slab. The bending moment 
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which causes tension at the bottom of the slab, usually near the 
centre of the span, is called positive or sagging bending moment 
and the bending moment which causes tension at the top of the 
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«lab, usually over the supports, is called negative or hogging bending 
moment. Thus for positive bending moment, the main reinforcements 
are placed near the bottom face of the slab while for negative bend¬ 
ing moment, the main reinforcements are placed near the top face of 
the slab. 


(u‘) R C C. beam and slab floor : For bigger spans and heavy 
loading conditions or in situations where intermediate walls are not 
provided, to reduce the span of the floor slab, R.G.C. beam and slab 
construction is adopted. The beams act as intermediate walls and 
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Fig. 14*21 

R.C C. beam and slab floor 

the floor slab is designed as a continuous slab monolithic with the 
beams. The beams thus used are known as T-beams because a part 
of the floor slab assists in resisting the compression developed in the 
beam. The projecting part of the beam below the slab is called the 
rib of the beam. In a framed structure the floor is usually supported 
on a system of main and secondary beams. The floor slab is laid 
continuous over secondary beams which are framed into and support¬ 
ed by main beams. 



Fig. 14*22 

view showing flat slab construction 
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(»h) Flat slab flooring : Flat slab, also known as beamless slab, 
is a type of construction in which the flooring slab is directly 
supported on columns without the agency of beams or girders. They 
are provided in theatres, factories, mills and other public buildings. 
The flooring consists of R.G.G. slab, 13 mm. or more in thickness and 
supported on R.G.G. column arranged in such a manner that they 



Fig. 14-23 

Section through the column strip 

form square of nearly square panels. The size of panel should 
not exceed 9 m. x 9 m. There must be at least three rows in two 
directions at right angles. The ratio of length to breadth of a panel 
should not be more than 4 : 3 and the length and breadth of any 
two adjacent panels should not differ by more than 10% of the 
greater length. Sometimes, instead of providing uniform thickness 
of slab, a portion of slab is thickened symmetrically round the 
column. The thickened portion is called drop. The flat slab may 
be designed either with or without drops. At their head, 4 cm 
below the drop, the columns are enlarged so as to form diameter 
equal to 0*21 to 0’25 of the span. This flared up portion of column 
head is called capital. There are two different systems of providing 
reinforcement in flat slabs, namely— 

(t) Two-way system. 

(t») Four»way system. 

In two-way system, reinforcements are carried from column to 
column parallel to the side of panels and a two-way system of 
reinforcement is placed in the central portion of the slab. 



Fig. 14-24 

Section through the midstrip 
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In four-way system, reinforcement is placed in four directions 
and it consists of two bands of main steel reinforcement carried 
directly from column to column, and two other bands placed diago¬ 
nally across the panel from column to column. 

Advantages : The advantages of flat slab flooring may be sum- 
marised as below : 

(1) Since the slab is constructed without any beam or girder, 
the floor has a flat ceiling which gives a good appearance. 

(2) Due to elimination of beams and girders there is a saving 
in storey height. 

(3) Due to flat ceiling, better lighting facilities are available. 

(4) The formwork is simple and economical. 

(5) It is structurally economical, especially when the live loads 
are more than 500 kg./m®. 

14*7 Ribbed floor. It is a form of reinforced concrete floor 
slab construction in which the portion of concrete below the neutral 
axis of slab is removed so as to form ribs at short distances apart. 
The ribs act monolithically with the concrete topping and behave 




Fig. 14*25 Section showing ribbed floor 

Figs. 14*26—14*27 View of tiles used for filling the space between two rib 
Figs* 14*28—14*29 Ribbed floor with steel forms 
Fig. 14*30. View of a metal pan 
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like T-beams. The space between the ribs is filled with hollow tiles, 
which may be of clay, gypsum or concrete. For buildings supporting 
light weight and medium live load, this type of floor construction 
proves economical. The overall thickness of slab depends upon 
the loading conditions. When either metal pans or blocks are used, 
the only formwork necessary is the strip of wood work under each 
rib, thereby making an additional saving in the cost of the structure. 
Metal pans are made of light gauge metal, if they are to be left in 
place and are of a heavier gauge if they are to be removed and re¬ 
used in another place. 

In case it is desired to have a smooth plastered flat ceiling, a 
continuous metal lath is fixed from the under-side of the rib and 
plastered. 

In places where the loading conditions are such that the depth 
of R.C. ribs will work out to such a value that it cannot be adopted 
on account of certain practical considerations, the rolled steel joists 
are placed at suitable distances apart to support the floor (Refer to 
Figs. 14’33 —14 34). The R.S J. may also be enclosed with concrete 
as shown in the sketch in (Figs. 14 32, 14 35 and 14 36) 

14-8 Pre-cast Concrete Floor. With the development of 
reinforced concrete constructions, the pre-cast units like floor slabs, 
beams or girders, lintels etc. are being successfully manufactured by 
various factories. The pre-cast units of the designed depths are used 
in the floor construction. The members are made of such sizes as can 
conveniently be handled and transported. The advantages and 
disadvantages of this type of construction are given below : 

Advantages 

(1) The construction is quick. 

(2) It is fire-proof. 

(3) It is sound-proof. 

(4) The members are light in weight which render the founda¬ 
tions economical. 

(5) It does not require formwork in construction. 

(6) No time is wasted for curing of the floor. 

(7) It is economical. 

(8) It has good thermal insulation efTcci. 

Disadvantages 

(1) It requires fairly uniform spacing of beams throughout the 
structure which becomes practically difficult. 

(2) In order that the pre-cast members may be able to resist 
handling stresses, great care is taken in their construction and design. 
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Figs. 14-31—14*36 

Alternative methods of supporting R.C.C. floor slab 


(3) There is wastage due to breakages in transportation of the 
members from factory to the site of work. 
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(4) Careful superviuon a ad skilled labour is required for 
manufacturing the units. 

(5) The forms used for casting the units arc very costly and as 
such the construcrion is economical only when the units are manu*. 
factured on a large scale. 

Questions for Revision 

1. Sketch and name different types of joints that arc used in the 
construction of different types of wooden floors. 

2. Draw with neat sketches the following typesjof floors; 

(i) Filled joist floor : 

(/7) Jack arched floor. 

(iii) Double framed limber floor. 

3. Describe the disadvantages of a beamless floor. Draw a view to 
■ llustrate the following : 

(i) Capital. 

(i7) Drop-panel. 

(/ii) Flat slab. 

4. Draw to a suitable scale the plan and section of a teak wood flooring 
at first floor level, to be constructed over a 3‘66x4’54 cm. room which has all 
four walls li brick thick. Give sizes of teak wood supports and boarding. 

5. Write short notes on ; 

(a) Timber floors* 

(b) Jack arch floors. 

(c) Flag-stone floor supported on steel joists. 

(d) Ribbed floors. 

(e) Reinforced concrete floors. 

6. A hall 10 m.x7’6 m. is to be roofed over with a R.C.C. floor slab. 
Propose the type of construction you would adopt. Explain fully the process of 
carrying out the whole work. Draw rough sketches wherever considered 
.accessary. 
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151 Design of Timber Floors. A timber beam which is 
strong enough to resist bending may not always be rigid to safe from 
consideration of deflection. Deep beams are more economical than 
the shallow ones, but in any case the depth of a beam should never 
exceed three times its breadth. For a well proportioned beam breadth 
should be 0 6 to 0 7 of its depth. The breadth of a timber beam 
should not be less than 5 cm. Timber beams seldom fail by shear, 
yet from consideration of safety, the designed section of beam should 
be checked for shear. 


15.2 Deflection in Beam. As timber beam is liable to 
deflect under loads, the rules for deflection are more severe in timber 
beam than in steel beam. Normally the deflection allowed is of 
the span. In case of plastered ceilings, deflection should not exceed 
of the span and in case of beams supporting heavily plastered 
ceiling deflection should not exceed of the span. 

The formula for finding deflection in beam under different con¬ 
ditions of supports or loadings is given below : 


S =Z 




S = maximum allowable deflection in centimetre. 

K — the coefiicient, which varies with the condition of loading 
as well as condition of support. The value of K under 
different conditions of beam are given in table 15-1. 

W — total load on beam including the weight of beam itself in 
kg. 

I = effective span of beam in cm. 

E = modulus of elasticity of the variety of timber used in 
kg./cm®. 

I = moment of inertia of the beam in cm*. 
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TABLE 15*1 

table giving values of k, for different conditions of beam 


S.No. 

Condition of Beam 

Value of K 

1. 

Cantilever with a point load at free end. 

16 

2. 

Cantilever with load uniformly distributed over its 
length. 

6 

3. 

Simply supported and loaded with a point load at mid¬ 
span. 

1 

4. 

Simply supported and loaded with uniformly distributed 
load throughout the span. 

5/8 


15’3 Wooden Floor Boarding. The boarding is generally 
not designed. Under normal circumstances 30 to 40 mm. boarding 
10 to 15 cm. wide and 2*44 to 3'66 m. long supported on bridging 
joists spaced not further apart than 38 cm. will be found to be ade¬ 
quate for supporting ordinary floor loads. In case of good quality 
teak wood, the thickness of the boarding may be only 25 mm. 

15.4 Step to be Followed in the Design of Timber Beam. 

The procedure to be adopted in the design of a timber beam can be 
broadly divided in to the following steps. 

(а) Calculate the total load on the beam in kg. 

(б) Find the effective span of the beam in metre. 

(c) Assuming the beam to be simply supported, find the maxi¬ 
mum bending moment by the formula. 

r. , 

Bending moment = -g— kg. m. 

W1 

or Jf = X 100 kg. cm. 

o 


(d) Equate the bending moment {M) as obtained from above 

to/Z. 

or M f=‘fZ •••(0 

where / «= safe working stress in the quality of timber used. 

Z a section modulus of the section of beam 

= [where 6 is the breadth and d, the depth of 
o 

the beam in cm.]. 
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Substituting this value of Z in equation (t), wc have 
iif = /Xf fed* 

hd^ ss= — ...(w) 

By adopting suitable value of h which may be (6= 2d or 6=3d) 
value of d can be found out from equation (ti). 


(c) Check the designed section for deflection by the formula 




WV^ 
48 J?/ 


( /) Check the designed section for shear by the formula 


Max. shear stress = 


1. i 

2 X 24 


The value of the result obtained from the above formula should 
not exceed the maximum allowable shear stress in the type of timber 
used. 


Case 1 : Design of a single timber floor. 

Example. Design a timber floor for a class-room in a primary 
school building. The flooring should consist of 4 cm. thick deodar wood 
hoarding supported on teak wood foists placed at 45 cm. centre to centre, 
the effective length of the joist being 3 5 m. The following data may be 
assumed in the design. 

f = 125 kglcm^ 

E — 113000 kgjcm^ 


S = 


of the span. 


Weight of deodar wood = 520 kgfm^ 
Weight of teak wood —600 kgjm^ 
Safe allowable shear in timber joists 

s= 8-8 kglcm*. 

Solntion ; 


Load per sq. m. due to flooring : 

(i) Due to 4 cm. thick deodar wood boarding 

= 0*4x520 * 20*8 kg. 

(n) Live load on flooring as per I.S. code = 400 kg. 

(Hi) Ceiling load (assumed) = 20 kg. 

Total = 440*8 kg. 

= 441 kg. say 
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Area of flooring to be supported by one joist 

= 0’45 X 3*5 
=: 1*575 sq. m. 

Load due to flooring on one joist 
= 1*575x441 
= 695 kg. 

Self wt. of 7 cm. X21 cm. (assumed) joist 

= 007 X 0-21 X 3*5x660 
= 34 kg. 

Total design load for one joist 

= 695 + 34 
= 729 kg. 

Wl 
8 

729x3 5 


Max. B.M. = 


Since 


8 

= 319 kg. m. 

= 31900 kg. cm. 
M 


1 


125x-^x6.i’* = 31900 
6 


or 


= 31900 X 
= 1532 

Taking d, — 26, we have 
46® =1532 


6 

125 


V- 


1532 


= 7*25 cm. = 8 cm. (say). 

Hence 8 cm.x 16 cm. joist will be sufficient to resist the bend¬ 
ing moment. 

Check for deflection : 

5WP 


or 


or 


S 

350 

360 

6.d» 


384 El 

_ 5x720x3*5*xl0®xl2 
~ 334 xl 13000 x6.d« 

5 X 729 X 3*5» X 10* X 12 X 360 
“ 384x113000x350 

= 44000 cm* 
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The value of h.d^ taking 

6=8 cm. and d = 16 cm. 
work out to 6,d® = 8x 16® 

= 32768 cm*. 

^ Which is less than 44000 'cm*, hence the section has to be 
modified to be safe from consideration of deflection. 

If 6 = 8 cm. and d=l7 cm ; 6.d® = 39300 cm.* 

If 6 = 8 cm. and d = 18 cm, ; 6.d® = 45600 cm.* 

Which is more than 44000 cm.*, hence a section of 8 cm. X 18 cm. 
will be safe both from bending moment and deflection consi¬ 
derations . 

Check Jor Shear 

3 W 

Maximum intensity of shear = 

3 729 

~ 2 ^ 2x8x18 
= 3 8 kg./cm.® 

which is less than 8*8 kg./cm.®, hence safe 
Result 

Breadth of joist — 8 cm. 

Depth of joist — 18 cm. 

Case II : Design of a doable floor. 

Example. A 'wooden floor is required to be constructed in an 
office building situated near a hill station. The room size is 6 metre 
x7'5 metre. Teak "wood available for the floor construction has the 
following properties. 

(i) / = 125 kg.Jem.* 

{ii) E = 113000 kg.jcm.^ 

{Hi) Weight = €60 kg.Jm^ 

{vi) Safe allowable shear stress = 8'8 kg./cm.^ 

The weight of floor boarding and bridging joist may be assumed to 
be =s 150 kg.fm^ 

Solution 

Design of bridging joist : It is assumed that the bridging joists 
are spaced at 30 cm. c/c and the arrangement of binder is as shown 
in Fig. 15*1. 
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Loads per sq. metre on the joists. 

(t) Due to flooring ... ... = 150 kg. 

(it) Live load . = 400 kg. 




bAiociMA joitrs 




Fig. 15-1 

Floor load on one bridging joists will be due to an area of 
2*5 X 0*3 = 0*75 sq. m. 

.*. Total load on one bridging joist 

= 0*75x550 
= 413 kg. 

B.M. = -5 


413X^ 

129 kg. m. 
12900 kg.-cm. 
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Since 

or 

or 


If 


f6t2*Xl25 = 12900 


id* .= 

h = 
d* = 


12900x6 
125 
620 
5 cm. 

^0 

5' 

124 


d = 11'12 cm. 


Hence ihe size of bridging joist from consideration of bending 
moment may be taken as 5 cm. x 12 cm. 

Check for deflection : 


384 ¥r 


or 

or 


250 _ 5x413x2-5*x 10« 

360 384x llSOOOx^^id* 

- 5x413x2 5*x 108x12x360 
384x113000x250 


12830 


If 6, is 5 cm., the value of d, in order that the joist may be safe 
from deflection consideration, will be : 


d* = 


12830 

5 


= 2566 cm.* 


d = -^2566 

= 13'7 cm. «= 14 cm. (say) 
Hence the size of joist should be 

= 5 cm. X 14 cm. 

Cheek for Shear : 

u 3If 

Max. shear stress —s-r- 

2x2x^ 

3 413 

2 ^2x5x14 

= 4*42 kg/cm* 

which is less than 8*8 kg/cm*, hence safe. 
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Design of hinders. It is assumed that the wall supporting the 
flooring is 40 cm. thick. In order to calculate the effective span for 
binders, it is safe to take the centre to centre distance between the 
supporting wall as the effective span. 

Effective span = 6+0'4 
= 6*4 m. 

Load on binder due to each bridging joist 

= 2*5x3x550 
= 413 kg. 

Since the bridging joists arc spaced 30 cm. c/c, the load from 
them may be assumed to be equivalent to a uniformly distributed 
load. 


or 


Equivalent uniformly distributed load per metre. 

413 

Length of binder == „'Xl00 

oU 

= 1377 kg. 

Total load on each joist 

W = 1377x6-4 = 8810 kg. 
8810x6-4 


B.M. = 


8 


or 


or 


or 


Since 


= 7048 kg.-m. 

M = 704800 kg.-cm. 

M =^fZ 
= 704800 

704800x6 

^ = - 125 - 

= 33850 

d = 2b 
46* = 33850 

^33850 
4 

= 20*35 cm. 

*= 21 cm. say 
d = 2x21 =42 cm. 

Hence the section of the joist from bending moment consinera- 
tion should be 21 cm.x42 cm. 


Assuming 


or 
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Check for deflection : 


or 


or 


If 


640 

360 

bd^ = 


5Wl^ 

384 El 

5x8110x643x108 
384 xl 1300 X|j6(i8 

5x8810x6*48x108x360x12 


384 X 113000x640 

= 1797000 cm*. 

6 = 21 cm. 

1797000 


^8 = 


21 


85600 cm.8 


d — ^ 85600 = 44*1 cm. 

Hence adopt the size of binder to be 21 cm. x45 cm. 


Chech for Shear : 

Max. shear force at end 


W_ 

2 

8810 

2 


Shear stress 


= 4405 kg. 

3 W 
~ 2 ^ A 
3 4405 

“ 2 ^21X45 


Ks 7 kg/cm.® 

which is less than 8*8 kg/cm*, hence safe. 
Result : 


(i) Size of bridging joist = 5 cm. x 74 cm. 
{ii) Size of binder = 21 cm. X 45 cm. 


Common data for R.G.G. 

The following data has been adopted in R.C.C. design prob 
ems in this book : 

Concrete mix. : Ml50 (1 ; 2 : 4) 

m = 18 
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Description 

Metric system 

Foot-lb system 

Stress in steel (0 

1400 kg./sq. cm. 

18000 Ib./sq. in. 

Stress in concrete (c) 

50 ,. 

750 „ 

Average bond stress (5i,) 

6 „ 

100 

Local bond stress 

10 .. 

175 

Shear stress {s) 

5 

75 : 

Neutural axis factor (/ii) 

0-39 

0 429 

Lever arm factor (ci) 

0-87 

0-857 

Resisting moment 

8-48 

137*5 

co-efficient (Q) 



Weight ofR.C.C. 

2400 kg./cu. m. 

144 Ib./cu. ft. 


COMMON CONVERSION FACTORS 


Multiply 

To convert 

To 

2-54 

Inches 

1 

Centimetres 

0-3048 

Feet 

Metres 

0-4536 

Pounds 

Kilograms 

1-488 

lb. per ft, 

Kg./nietrc 

0-07 

lb. per sq. in. 

Kg./.sq. cm. 

4-883 

lb. per fq. ft. 

Kg./sq. metre 

16 

lb. per cu. ft. 

Kg./metrc'* 

1-016 

Tons 

Tonne 

3-338 

Ton per ft. 

Tonn/metre 

10 937 

Ten per sq. ff. 

Tonne/sq. metre 

0 138 

Ft. lb. 

Kg. metre 

1*15 

In. lb. 

Kg. cm. 


15-5 BASIC RULES FOR THE DESIGN OF BEAMS AND 
SLABS 

(1) Effective Span 

(а) For freely supported beam or s,ah. The effective span of a. 
freely supported beam or slab is taken as the “Djlstance between the 
centres of the supports or the clear distance between the supports 
plus the effective depth of the beam or slab, whichever is smaller. 

(б) For continuous beam or slab. In case of a continuous beam 
or slab, where the width of the mid supports is greater than of the 
clear span, the following rule should be followed for finding out the 
effective span. 

(t) In case of a continuous beam or slab fixed at ends, the 
effective span shall be the clear distance between the supports. 

(ii) The effective span for the end span of a continuous beam 
or slab, with one end free and the other continuous, shall be equal, 
to the clear span plus half the effective depth of the beam or slab. 
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{Hi In case of a continuous beam or slab where the width of 
•the mid supports is less than 4^ of the clear span, the rule men¬ 
tioned in (a) above will be followed for hnding out the effective 
span. 


(2) Slab Thickness. For estimating the thickness of slab 
approximately allow 4 cm. lor every metre of span for slabs carrying 
load more than 750 kg./sq. m. 

From considerations of adequate stiffness of the slab it should 
be ensured that the designed depth of'the slab should be such, that 
the ratio of the effective span to overall depth of the slab should in 
no case be less than the values given in the table 15-2 for various 
types of slabs. This is as per the reconmmendations of Indian 
Standard Code of Practice (Revised I.S. 456 — 1964). 

Table IS 2 


5. No. 

Type of slab 

t 

1 

1 Maximum value of effective span 
of slablover-all depth of slab 

1 

1 

Simply supported slab spanning 
in one direction. 

i 30 

1 

2 

Continuous slab spanning in one 
direction. 

35 

3 

Simply'supported slab spanning 
in two directions. 

35 

4 

Continuous slab spanning in 
two directions. 

40 

5 

Cantilever slabs. 

12 


However the thickness of floor or roof slab should not be less 
than 9 cm. 

(3) Beam Dimensions. The depth of beam for normal 
loading conditions should be assumed to be |.^th of the clear span. 
In the interest of economy, the breadth of a beam should vary from 
i to f th of its depth. 

As per recommendation of Indian Standard Code of Practice 
(Revised I.S. 456—1964) the ratio of the effective span of the beam 
to its over all depth should not exceed the value given in'the 
table 15'3. The limitation is essential from consideration of adequate 
stiffness of the beam. 
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Table 15 3 


S. No. 

Type of beam 

Maximum value of the effective span 
of the beamlover-all depth of beam 

1 

Simply supported beams. 

20 

2 

Continuous beams. 

25 

3 

Cantilever beams. 

10 


(4) Minimum Reinforcement in Slabs. The minimum 
area of reinforcement (Shrinkage and temperature, or distribution 
or main reinforcement) to be provided in either direction in solid 
reinforced concrete slabs should not be less than : 

{i) O'15% of the gross cross-sectional area of concrete in slabs 
where plain m.s. bars are used as reinforcement. 

{ii) O’12% of the gross cross-sectional area of concrete in slabs 
where high-yield strength deformed bars or welded wire fabrics are 
used as reinforcement. 

(5) Minimum Reinforcement in Beams. In reinforced 
concrete beams, the minimum area of tensile reinforcement should 
not be less than : 

(i) 0-30% of the gross cross sectional area of the beams when 
plain m.s. bars are used as reinforcement. 

(ii) 0 20% of the gross cross-sectional area of the beams where 
high yield strength deformed bars are used as reinforcement. 

The gross cross-sectional area of the beam being obtained by 
multiplying the overall depth of the beam with the width of the 
beam (wi<lth of the rib is taken as the width of beam in case of T or 
L beams). 

(6) Minimum Compressive Reinforcement. The amount 
of commpressive steel should not exceed 4% of the gross-sectional 
nrea of the beam. The gross-sectional area of the Beam is obtained 
by multiplying the over-all depth of the beam with the width of 
the beam. 

(7) Bar Sizes. The diameter of the main reinforcement must 
not be less than 6 mm. nor greater than 50 mm. The diameter of 
the stirrups or distribution, temperature or shrinkage bars must not 
be less than 5 mm., although bars less than 6 mm. diameter are 
seldom used. 

(8) Distance between Bars 

(a) The minimum distance between two parallel main rein¬ 
forcing bars must not be less than the diameter of the bar (in case 
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of unequal diameter bar, the diameter of the large bar is considered) 
or 6 mm. greater than the maximum size of the coarse aggregate used 
in the concrete, whichever is greater. 

(6) In case where it is desired to provide main bars in two or 
more layers one over the other, the minimum vertical clear distance 
between any two layers of the bars, shall normally be 15 mm, or the 
minimum size of the coarse aggregate or the maximum size of the bar 
whichever is the greatest. 

(e) The pitch of the main tensile bars in R.C, slab should not 
exceed three times the effective depth of the slab or 90 cm. which 
ever is smaller. 

{d} The pitch of the bars provided to act as distribution bars 
or bars provided to guard against temperature and shrinkage in an 
R.C. slab, shall not exceed five times the effective depth of the slab 
or 60 cm. whichever is smaller. 

(9) Clear Cover 

(а) The clear cover for reinforcement in slab, should not be 
less than 13 mm. or the diameter of the reinforcing bar whichever is 
greater. 

{/>) The clear cover for longitudinal reinforcing bars in beams 
should not be less than 25 mm. or the diameter of the reinforcing bar, 
whichever is greater. 

(c) The clear cover at each end of reinforcing bar in beams or 
slabs should not be less than 25 mm. or twice the diameter of main 
bar whichever is greater. 

(d) When the R.C.C. member (beam or slab) is in contact with 
earth faces or moisture or is subjected to corrosive condition, the 
cover should be increased between 15 mm. and 40 mm. over and 
above the value provided in (a), (6) and (c) above. 

(e) For R C.C. members in contact with sea water, the cover of 
concrete shall be 50 mm. more than the value specified in (o), (6) 
and (c) above. 

(10) Shear in Beams : 

ya) The intensity of shear stress should not exceed 4 times the 
safe permissible shear stress for the grade of concrete used in the 
beam. 

(б) The diameter of the stirrups used as shear reinforcement to 
resist shear in a beam, shall not be less than 5 mm. and their spacing 
should not exceed the lever arm of the beam. 

(c) Even if, the beam is safe from consideration of shear 
nominal shear reinforcen ent in the form of stirrups shall be provided 
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throughout the length of the beam, at a spacing not more than the 
lever arm of the beam. 

(fj). In beams with compression reinforcements, the spacing of 
the stirrups for the compression reinforcement should not exceed 
16 times the diameter of the anchored bar or 48 times, the diameter 
of the anchoring bar (stirrup) whichever is less. The diameter of the 
stirrups is designed f*-om considerations of shear ; however, it should 
.not be less than | times the diameter of the anchored bar. 


la) Where steel beam theory has been used for calculating the 
compressvie reinforcement, the spacing of the stirrups should not 
exceed 8 times the diameter of the compression bar. 


(11) Bond and Anchorage of Reinforcements 


(a) The local bond stress in an R.G. member (beam or slab), at 
anv section shall not exceed the safe permissible local bond stress as 
giv^cn in table included in the chapter on ‘Plain Cement Concrete*. 

lb) Every bar (either in compression or tension) should be 
extended by 12 times ihe diameter of the bar or 23 cm., whichever is 
more beyond the point, where it is no longer required to resist bend- 
ine. The extension of bar for anchorage may either be in the form 
of straight length or in the form of a standard hook. 


(c) At the end of every bar, end anchorage should be provided 
which may be in the form of a semi-circular standard hook or by 
introducing a 90 degree bend (L-hook). The anchorage value of the 
standard semi-circular hook, 45^’ bend and standard L-hook is taken 
as 16 diameter, 12 diameter and 8 diameter respectively of the hook¬ 
ed bar. 


(12) Curtailment of Bars. The main reinforcement in beams 
or slabs may be curtailed or bent up, where they are no longer need¬ 
ed for bending moment purposes. In a beam at least 25% of the 
main tensile bars must be extended beyond the support for a distance 
equal to or greater than their minimum bond length. 

t 

(13) Laps in Bars. When it is essential to provide laps in 
reinforcing bws, the laps should be provided in a staggered manner. 
The lap length of the bars should not be less than the values given 

below. 


(i) For bars in tension. The minimum lap length should be 
greater of the following two : 

(a) SOxdia. ofbar 

Dia. of bar x Actual tensile stress in bar 
(^) IrX Permissible average bond strew 
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If <j) he the diameter of bar ; 1400 kg.fcm* be the actual tenaile 
stress in bar, M 150 he the grade of concrete giving the value of per¬ 
missible average bond stress as 6 kg./cm.* ; the lap length of bar from 
formula in (6) becomes 

<l>XU00 , 

= - *= ^^ 33 say 58 4>. 

{ii) For bars hi compressions ; The miniinum lap lengih should 
be greater of the following two : 

(a) 24xDia. of bar 

, Dia. of bar X Actual compressive stress in bar 

^ ^ 5 X Permibsibie average bond stress 

(14) Weight of R.G.G. As given by the revised Indian 
standard Code of Practice (I.S. : 456—1964) the weight of the rcin- 
foiced concrete for the purposes of calculating load etc. will be taken 
as 2400 kg /m®. 

(15) Modular Ratio. The modular ratio, m for any desired 
grade of concrete can be obtained by the empirical formula : 

2800 


where 2800 is a constant and c is the maximum permissible compres¬ 
sive stress due to bending in that grade of concrete in kg,/cm®. 

The value of m for M 150 grade of concrete has been taken as 
18 in this book. 

15'6 Loading on Slabs, Loading on slabs may be in the 
form of uniformly distributed load or concentrated load. The slabs 
in residential or public buildings or other structures are mostly sub¬ 
jected to unifoimly distributed loads only. Slab in bridges, culverts 
or in other similar situations are subjected to the concentrated load 
on account of vehicles or trains passing over the slab. Thus the 
loading on a slab consists of : 

(а) Live loads. 

(б) External dead loads. 

(c) Dead load of the slab itself. 

Live loads and external dead loads may be given or these may 
be calculated with the help of given data, while the dead load due to 
self- weight of slab has to be calculated after deciding the probable 
thickness of the slab vide Basic Rule (2). 

15 7 Arrangement of Reinforcements in Slabs. A 

standard bar bending arrangement of the designed reinforcement for 
a continuous slab has been shown in (Fig. 15 2). 
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Fig. 15*2 

15'8 Steps to be Followed in the Design of One-way 
Reinforced Slabs. Whatever may be the width of the slab it should 
always be designed for a wid'h equal to one metre and the same 
design should be adopted for the rest of the slab. The design 
procedure of a uniformly loaded one-way reinforced slab, simply 
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supported or continuous over mid-supports has been divided in the 
following steps ; 

(а) Assume suitable thickness of the slab and calculate the 
effective span “Z” of the slab in metre (vide Basic Rule 1). 

(б) Calculate w, the total load in kg./m*, i.e. *= sum of the 
external loads in kg./m®-fself-weight of the assumed thickness of slab 
in kg/m®. 

(c) Calculate the maximum bending moment {M) by the 
governing formula. 

(i) For simply supported slab resting on two supports or slab 
having only one span. 

Max. -f ve B.M. near the centre of span. 


M = 



kg. m. 


(ii) For slabs continuous for two equal or approximately equal 
spans. (The spans are considered approximately equal when they 
do not differ in length by more than 15% of the longest span.) 

Max. +ve B.M. near the centre 


= + 


wP 

IIT 


kg. m. 


Max. —ve B.M. over interior supbort 


wP 

8 


kg. m. 


(ii) For slabs continuous for more than two spans. 



Fig. 15-3 

Max. -f-ve bending moment near the centre of end span"|^and 
max. — ve bending moment over the penultimate support. 

= kg. m. 

The max. -f-ve bending at the centre of all the intermediate 
spans and max. — ve bending moment over all the intermediate 
supports 

, vyP . 

= ±”7^ m. 
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Multiply the bending moment thus obtained by 100 to convert 
it in kg. cm. 


{d) Calculate the effective depth of the slab by the formula. 


d 


M 


Qxb 

where b =»= 100 cm. 

and the value of ^ for M 150 (1 : 2 : 4) concrete =« 8*48 

(e) Fix the over-all depth of the slab and obtain the final value 
of the effective depth. 

(/) Calculate the required area of steel per metre width of slab 
by the formula, 

II 


At = 


Ot •d't 


sq. cm. 


{g) Select suitable diameter of the bars and find their cehtre to 
centre spacing by the formula, 

100 xo< 




At 


cm. 


where o* = area of one bar of the selected diameter. 

{h) Calculate distribution steel at the rate of O'15 per cent of 
the cross-sectional area of concrete. 

Or area of distribution steel per metre 
= O'lSxDxlOO 

where D is the overall depth of slab. 

(i) Select suitable diameter of the distribution bars and find 
their centre to centre spacing as in step [g). 

Example. Find the thichnesa and reinforcement for an R.G. 
floor slab required to carry a superimposed load of 480 hg. per square 
metre, the span being 2'5 m. simply supported. The flooring is to be 
flniahed with 20 mm. thick terrazzo topping. Oive dimensioned sketch of 
the slab- 


Assume 


Solution. Given 


m = 18 

c == bO kg.Jsq. cm. 
t — 1400 kg./aq. cm. 
m = 18 

c = 50 kg./sq. cm. 
t =s 1400 kg./sq. cm. 
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The neutral axis factor: 

»_ me 18x50 

d ” mc-^t ** 18x50+1400 


039t 


Lever arm factor 


Oj ~ 1 


3 


0-391 

3 


0-87 


Coefficient of resisting moment 

= ix50x0-391x0 87 
=* 8-48 


Assume 12 cm. thick slab. 

Effective depth of the assumed slab = 12—2 = 10 cm. 
Effective span **V* = 2*5+0* 1 = 2*6 

Loads per sq. metre : 

(s) Self-weight of 12 cm. thick (assumed) slab 
= 0*12 x 2400 = 288 kg. 


(it) Weight of 20 mm. thick terrazzo topping 

^x20 - 48kg. 


{Hi) Superimposed load = 480 kg. 


Total 816 kg. 
Consider a strip of slab 1 m. wide. 

Load per running metre = 816 kg. 

Max. bending moment {M) = - 5 - 


= 816X 


26* 

" 8 


= 690 kg. m. 

= 69000 kg. cm. 


Req. effective depth of the slab. 



M 

Q~b 

69UUU 
‘8 48x 100 


= 9 03 cm. 
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Adopt over all depth of the slab =7 11 cm. 

/, Available effective depth =11—2*9 cm. 
Area of steel per metre width of slab 


A - 
* a^'d.t 

_ 69000 

0-87x9x1400 

= 6 29 sq. cm. 

c/c spacing of 12 mm. diameter bars {at — 1*13) 

lOOXflt 

100x1-13 
“ 6-29 

= 17-98 cm. say 18 cm. 

Distribution steel @0-15 percent of the gross-sectional area of 


concrete 


0-15x11x100 
* 100 

* 1*65 sq. cm. 

c/c spacing Of 6 mm. dia. bars (at * 0-28) 

_ 100x0-28 
“ 1-65 

* 16*98 cm. 


say 17 cm. 


@I7CW4^C 


c/c 



—H6 . 

■ - S7ctn 


(3 m ffl e>AR s ® lecm e/C. 
— 250Ctn --- 




Fig. 15*4 

Example 2. Design iht floor slab for a hall in a building 13'3 
metre long and 6 metre wide. The slab is svpporied on R C.C. beams 
suitably spaced as shown in Fig. J5'5. The floor is to be finished with 
30 mm* thick granolithic flooring. The superimpose load on the floor 
may be assumed to be 300 kg. per square metre. 
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Solution. The following assumptions have been made in the 
design : 

(i) c = 50 kg./sq. cm. 

t = 1400 kg./sq. cm. 
m = 18 

Wi = 0 391 and = 0 87 

{ii) The thickness of slab — 12 cm. 

{Hi) The bearing of the slab on the walls =12 cm. 

{iv) The W’idth of the mid-supports or beams is less than i^th 
the clear span. 

012 

Effective span for end span = 3*15-}- 2 

= 3*21 m. 

Effective span for mid-span = 3*5 m. 

I.oad per sq. metre. 

{i) Self-weight of 12 cm. thick (assumed) slab 

= 0*12x2400 = 288 kg. 

{ii) Weight of 30 mm. thick granolithic flooring 

= ^§X30 = 72 kg. 

300 kg. 

Total = 660 kg. 


{Hi) Superimposed load 
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Consider a strip of slab one metre wide. 

/. Load per running metre = 660 kg. 

Bending moment in the mid span of end span and penultimate 
support. 

Tur 1 
^ = ±177 


= ± 


660x3-21“ 


10 

= 680 kg. m. 

= 68000 kg. cm. 

Bending moment in the mid span of intermediate span and 
over intermediate support 

M^± 12 - 

660x3-5* 

" 12 
= 674 kg. m. 

= 67400 kg. cm. 

The depth of the slab will be governed by the maximum 
bending moment out of the two 

f 68000 

= 8-96 cm. 

Provide over-all depth of the slab = 11 cm. 

The available effective depth = 11—2 = 9 cm. 

Area of steel per metre width for the mid span of end s1>an and 
penultimate support 

68000 

’" 0-87x9x1400 • 

= 6 2 sq. cm. 


= f 

V 8-48 X 


Area of steel per metre width for the mid-span of intermediate 
span and over intermediate support 

67400 

"’ 0-87x9x1400 
= 6‘15 sq. cm. 

Since the area of steel in the end spans and in the intermediate 
span is nearly equal, the diameter of main bars and their centre to 
centre spacing will be kept same in the end spans as well as in the 
mid span. 
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cfc spacing of 12 mm. bars 

(at = 1-3) 

100 X a* 


_ 100x1-13 
6-2 

= 18 22 cm. 
say 18 cm. 

Distribution ban @ 0*15% of the gross: 
sectional area of concrete 

0-I5xllxl00 
“ 100 

= l-GSsq. cm. 

c/c spacing of 6 mm. bars 

(at 0’28) 

_ 100x0-28 
~ ’ 1-65 

= 16-98 cm. say 17 cm.. 


Fig.15-6 
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15 9 Case ofreinforcedbridk slabs. The main principles 
of reinforced brick design are the same as that of reinforced concrete 
design except that in the case of R.B. design the following additional 
specifications are observed. 

(1) The depth of R.B. slab should be limited to 10 cm ; 15 cm ; 
20 cm ; 25 cm. or 30 cm. A 15 cm. thick slab is obtained by 5 cm. 
thick titles on 10 cm. thick bricks. 

(2) The supporting arrangement of the slab should be so plan¬ 
ned that the depth of the slab does not exceed 20 cm. ; otherwise 
the slab becomes too heavy and expensive. 

(3) The diameter of main reinforcement in slabs should be 
kept as small as possible and in any case it should not preferamy 
exceed 12 mm. For reinforced brick beams the main bar may be 
upto 25 mm. in diameter. 

(4) The width of the mortar joint should be such that the steel 
bars may not come into contact with the bricks. It is advisible to 
keep the thickness of joints in slabs as 20 mm. 

(5) The clear cover for R.B. slab should be 13 mm. or the dia. 
of the main bar whichever is grater. 

(6) The safe tensile stress in steel in R B. work is usually taken 
as 25 kg./sq. cm. 

(7) The modular ratio is taken as 40. 

(8) The safe shear stress in R.B. work may be taken as 1 kg. per 
sq. cm. 

(9) The safe allowable local bound stress in R.B. work may 
be taken as 12 kg/sq. cm. 

(10) Only first class bricks should be used in R.B. work and 
cement mortar 1 : 3 (one part of cement: three parts of coarse sand) 
should be used for joints. The joints may also be filled with cement 
concrete 1:2:4 but in that case the width of joints should be 
4 cm. or more. 

(11) The arrangement of the bricks should be so made, that 
the joints should preferably be broken and the bricks near the edges 
must rest half on the bearing wall thus avoiding vertical joints in 
the slab coming immediately above the edges of the bearing wall. 
This is essential to strengthen the slab against shear. 

(12) -The distribution, temperature or shrinkage reinforcement 
should be provided @ 20% of the area of main steel for +ve B.M. 

Example. Design a reinforced brick floor slab for a room 2'25 
metre wide. The floor is to be paved with 20 mm. thick mosaic flooring. 
The superimposed load on the floor mag be assumed to he 200 kgjsq. m. 
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Solution : Clear span the slab ~ 2*25 m 

Effective span of slab (assuming 

10 cm. thick R.B. slab) = 2‘25+0‘8 — 2*33 m. 


Load per square on the slab 
(*) Self wt. of 10 mm. thick slab (assumed) 

= 0-10x1920 = 192 kg. 


{ii) Wt, of 20 mm. thick mosaic flooring 
{Hi) Super-imposed load 

Total 

Consider a strip of slab one metre wide. 
Load per metre run = 440 kg. 

wl^ 


= 48 kg. 

= 200 kg. 
440 kg. 


Max. B.M = 


8 


Since 


440x2-332 

8 

«= 298*5 kg. m. 

= 29850 kg. cm. 
c = 25 kg./sq. cm. 
t = 1400 kg./sq. cm. 
m — 40 


= 


d 


me 

mc + t 
40x25 




40x25+1400 


= 0-417 


1 — 


0-861 


Q = h enjOj 

= ix25x0-4l7x086l 
= 4-5 


-j 


M 

Qb 


29850 


4*5 X 100 
t= 8*15 cm. 

Adopth over-all depth of slab = 10 cm. 
and effective depth = 10—2 == 8 cm. 
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At 


M 

29850 

()'8t)lx8xH0U 


s= 31 sq. cm./m. 

c/c spacing of 10 mm. ^ bars {a,i — 0‘79 cm’*.) 

100x079 

p- 

= 25 5 cm. 


The length of the standard brick is 20 cm. allowing 2 cm. 
wide mortar joint on either side of the brick, c/c spacing of the 
bars in the joint cannot exceed 22 cm. 


Hence, provide 10 mm. ^ bars @ 22 cm. c/c. 
Check for shear : 

w Tj 

Max. S.F. at the edges = 

2-25 

= 440x- 2 
= 495 kg. 

_ 495 

” 0 861 XbXlOOj 
= 0781 kg./sq. cm. (safe). 


Check for bond : 


- 


s 


495 


0'861x8x|f‘'x314 
= 5’02 kg/sq. cm. (safe). 

Although 50% of the main bars can be safely bent up near 
the support, without exceeding the permissible limit of bond 
stress, but by doing so, the spacing of the bent up bars will become 
too large, as such it is proposed to bend the bars through 180* after 
taking them straight at the bottom face of the slab, upto the 
edges. The bars thus available at top face of the slab will be 
extended upto -4* = 33 cm. (say) beyond the inner fice of the 
supports. 




225 m 



NOTE coMCCETE EOA CCIMEoecEMLNI' 
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Distribution bars @ 20% of the area of the main reinforcement 
for the B.M. at mid-span 

20x3*1 

”100—* 0-62 sq.cm. 

Provide 5 mm. ^ bars @ 12 cm. c/c. 

IS'ld^'^imply Supported Two-way Slabs (corners free to 
lift). These slabs are commonly used as isolated roof slabs for 
individual rooms in single storeyed buildings. Thus the slabs are 
laid non-continuous on all the four edges and are not restrained by 
supporting walls or beams. Since the corners of the slab are not 
held down, no torsional reinforcements are provided in the slab. The 
design of such a slab is generally done by using Rankine-Grashoff 
Theory. 

15T1 Steps to be Followed in the Design. The design 
procedure of simply supported two-way slabs with uniformly dis¬ 
tributed loads, has been divided into the following steps ; 

(а) Calculate the effective span for short span (/«) as well as 
long span (iy) in metres. 

(б) Calculate w, the total load in kg/m*, i.e. w =s sum of 
external load in kg./m^+scif wt. of assumed thickness of slab in 
kg./m*. 

(c) Calculate the portion of the load w, carried by each span. 
Design load for short span is given by the formula 

*4 


s= 


1-fH 

Design load for long span 

w 


. w kg./m*. 


= f - riy or u-v = to—w* 


,1-f-H 

(d) Calculate max. bending moment for each span by the 
following formulae : 


B.M. per metre width along short span {M^ 

1 3 

8 


== to. 


kg. m. 


(n) B.M. per metre width along span {My) 

8 


Wy. 


kg. m. 


(c) Calculate the effective depth of the slab by taking bigger of 
the two values of the bending moments, by the formula 

f MyXMy 
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(/) Calculate the area of the steel per metre width required 
along each span by the formula. 

(i) Area of steel per metre width along short span 


=- - sq. cm. 

a^d t ^ 

Select suitable diameter (0*) of the bars and find their centre to 
centre spacing. 

{ii) Area of steel per metre width along span 

My 

— - Tj - TTl cm. 

a-i {d—(p3,)d 

Select suitable diameter of the bars and find their centre to 
centre spacing. 


(jy) Calculate distrilmtion steel at the rate of 015% of the 
gross-sectional area of the slab. 

Example. Design an R.C.C. floor slab for a residential building- 
over a single room 4'b m 'X. 4 5 m. clear inside dimensions, tvith walls 
for support on dll the sides. Make usual assumption as per Indian 
Standard Code of Practice. 

Solution ; The following assumptions have been made in the 
design. 

(i) c = 50 kg./sq. cm. 

t = 1400 kg./sq. cm. 
m ^ 18. 


Oi = O'87 and Q == 8'48 

(ii) The floor is finished with 20 mm. thick granolithic topping, 
(iit) The live load on the floor is 200 kg./m.^ 



Fig. 15-9 
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(tv) The slab is simply supported on all the four sides with the 
corners not held down. 

(v) The slab is 12 cm thick (assumption made for calculating 
the self wt. of the slab). 

(vt) The bearing of the slab on supporting wall is 20 cm. while 
the thickness of the walls is 40 cm.. 

Since both the long as well as the short spans have the same 
dimension, the effective spans for both the directions will also be 
equal. 

= 7y = 4-5+(0’12- 0 02) 

= 4 6 m. 


or 




4-6 


y . vr . 

Load per sq. metre on the slab : 

(1) Due to self-weight of 12 cm. thick slab 

(2) Due to floor finish 20 mm. thick 

(3) Live load 

Total 


« 288 kg. 
- 48 kg. 
= 200 kg. 

^ 536 kg. 


Portion of the load carried by shorter span == Portion of the 
load carried by longer span 

536 

=— « 268kg/sq. m. 

Consider a strip of the slab one metre wide. 

Load per metre run 

268 kg. 

Max. B.M. along each span 

' - ^ 

~ 8 

4*6* 

-268 X -§■ 

= 709 kg. m. 
ss= 70900 kg. cm. 


d 




70900 


•48x100 
= 9*15 cm. 

Adopt overall depth of the slab » 11 cm. 
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Assuming 12 mm. ^ main bars* available eflfective depth 

-n-(i3+'^] 

as: 9* 1 cm. 

Area of steel along one span (say, U) 

, 70900 

“ 0 87x9 1x1400 
caa 6*4 sq. cm./m. 

c/c spacing of 12 mm. ^bar (a* = 1*13 cm*) 

100x113 
^ 64 

ss 17*65 cm., say 17 cm. c/c. 

Area of steel along the span perpendicular to the above (say If). 
Assuming 12 mm. main bars, available effective depth of 
slab = 91-1-2 


a=a 7*9 cm. 

70900 

^0*87x7*9x1400 
= 7*38 sq. cm./m. 

c/c spacing of 12 mm. ^ bars, 

, 100x1*13 

■'- TW “ 


=a 15*3 cm. say 15 cm. c/c. 


Distribution steel 


015 ,, 

Tog-xiixioo 


= 1*65 sq. cm. 

c/c spacing of 6 mm. ^ bars {at = 0*28 cm*) 

100x0*28 
^ ~ 1 68 

= 16*95 cm., say 17 cm. c/c. 
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Q^oestioas fer Revi^on 

1. Design a wooden floor for a recreation hall of a hotel measuring 
S m. X 8 m. The flooring is to consist of Deodar wood boarding supported on a 
system of bridging joists and binders. The following data may be assumed in 
the design: 

/ = 125 kg./cm® 

£ « 11300 kg./cm.2 
8 =» of the span. 

Weight of Deodar wood *= 522 kg./m.* 

Weight of Teak wood = 660 kg./m.* 

Safe allowable stress in timber joists 

«= 8*8 kg./cm.® 

2. (a) What are the guiding principles which should be kept in view, 
■while designing timber floors? Describe them briefly, giving detailed information 
about deflection. 

(6) Design a timber floor for a room in a residential building. The 
flooring should consist of an arrangement of boarding, supported on Teak wood 
joists spaced at 50 cm. apart. The maximum span for the joist is 4 m. Teak 
wood available for the floor construction has the following properties : 

/= 125kg./cm.2 

E= 11300 kg./cm.2 

Weight of Teak wood = 600 kg./m.> 

Safe allowable shear stress in Teak wood 

-= 8*8 kg./cm.2 

3. (a) Describe briefly the important steps which are necessary to be 
followed in the design of a simply supported reinforced concrete floor slab. 

(6) Design the floor slab for a room measuring 3 m.x 5*5 m. The slab 
is to be flnished with 20 mm. thick terrazzo flooring. The walls supporting the 
slab are 30 cm. thick and the slab is to have a bearing of 15 cm. on the walls. 
The floor may be assumed to be used as a class-room in a primary school. The 
following data may be assumed in design : 

m = IS 

c =• 50 kg./sq. cm. 
t 1400 kg./sq. cm. 

4. Design the floor slab for a hall 18 metre long and 6 metre wide. The 
slab is to be supported on R.C.C. beams spaced at 3 metre centre to centre. The 
floor is to be finished with polished stone slabs 3 cm thick. The hall may be 
a place of assembly and suitable live load should be taken in the design. F^ollow- 
4ng assumptions may be made in the design : 

c ■» 50 kg./sq. cm. 
t = 1400 kg./sq. cm. 
m •» 18. 

Draw a neat sketch of the designed slab. 

5. (fl) Distinguish between oneway and two-way system of reinforce- 
ments in a reinforced concrete slab. Describe in brief the steps which should 
be adopted in the design of a two-way reinforced slab. 
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ib) Design a reinforced concrete slab for a room measuring S m.xS m. 
The slab is to rest upon 35 cm. thick walls constructed all round. The flooring 
is to be finished with 25 mm. cement concrete layer. The floor may be assumed 
to be subjected to a uniformly distributed superimposed load of 440 kg./m.2 The 
following data may be assumed in the design : 

c = 50 kg./sq. cm. 

t — 1400 kg./sq. cm. 
m ■■ 18. 

Draw a cross-scction of the designed slab, showing clearly the bar bend¬ 
ing schedule of the reinforcement. 

6. The assembly hall floor in a club building at first floor is to be con¬ 
structed in reinforced concrete. The size of the hall is 7 m. x6 m. In order to 
provide a plain ceiling effect in the ground floor, the slab is to be laid without 
the provision of beams. The flooring is to be finished with 25 mm. thick Mosaic 
finish. Design the slab making suitable assumption with regard to the super¬ 
imposed loads, The following data may be adopted in the design : 

m ■- 18 

t 1400 kg./sq. cm. 

c = 50 kg./sq. cm. 

Draw a dimensioned plan and section of the slab, showing the position 
of reinforcement. Also give a bar bending schedule of the slab. 

7. (o) What special considerations should be kept in view while design¬ 
ing a reinforced brick slab ? 

(b) A room 3 m.x7 ra. is to be provided with a reinforced brick floor 
slab. The floor may be assumed to be subjected to a superimposed load of 
250 kg./sq. m. Flooring is to be finished with 20 mm. Terrazzo finish. The 
following data may be assumed in the design. 

(i) Safe tensile stress in steel ■« 1400 kg./sq. cm. 

(/i) Safe compressive stress in brick » 25 kg./sq. cm. 

(ill) m - 40. 

Draw dimensioned sketch of the designed slab. 
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Lintels and Arches 


161 Lintels. Openings for doors, windows or cupboards etc. 
must be bridged over by some means to support the superimposed 
masonry. The support to the load above the opening is usually given 
by providing an arch or a lintel. Lintel acts like a beam and trans¬ 
fers the load vertically to the supporting walls. The ends of lintels 
arc built into the masonry so as to convey the weighFcarricd by them 
to the masonry in jambs. The amount of bearing which the supports 
provide for the ends of lintel is an important factor. As a general 
rule the bearing of a lintel at its ends should be 10 cm. (depth of one 
brick) or 3-8 cm. for every 30 cm. of span, whichever is greater. 
Lintels are made of various materials such as wood, stone, brick, 
reinforced brick, steel and reinforced cement concrete. 

Classificaiion of lintels by material 

16'2 Wooden Lintels. In hilly areas, where timber suitable 
for the con.^truction of lintel is easily available, wooden lintels are 
commonly used. In plains, the use of wooden lintel is very rare on 
account of high cost of the material. Timber, if not properly venti¬ 
lated, is liable to decay. Wood being cumbustible, wooden lintels 
cannot be recommended for fire-proof construction. The minimum 
depth of the lintel should be 7 6 cm. Sometimes a rough arch is con¬ 
structed above a lintel to relieve the latter of the weight above. When 
used for larger spans, the lintel should be properly designed as a 
timber beam simply supported at its ends. 

16 3 Stone Lintels. The use of stone lintels is very common in 
stone districts. Its use is usually confined to stone masonry structures 
or buildings faced with stones. In general, stone lintel on account of 
the high cost of the material and its inability to withstand excessive 
transverse stresses, is rarely used. The minimum thickness of stone 
lintel in kept 7 6 cm. and as a thumb rule, the thickners is taken as 
3'8 cm. per 30 cm. length of span. 

16*4 Brick Lintels. They are constructed with hard well burnt, 
first class bricks laid on end or edge. Depending upon the span, their 
depth varies from 10 cm. (depth of one brick) to 20 cm. (length of 
one brick). They are suitable for small openings generally not more 
than 90 cm. in span. Bricks having frogs are more suitable for the 
construction of lintels. The frogs, when filled with mortar, form 
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joggles which increase the shear resistance of the end joints and 
ultimately result in increased strength of lintel. 
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Figs. 16-1—16-2 




Different forms of brick lintels 


16'5 Reinforced Brick Lintels. When brick' lintels are 
required to be provided over large spans, they are reinforced with 
mild steel bars. The depth of the lintel is limited to 10 cm. (depth 
of a brick) or a multiple of one brick thickness. Bricks are so 
arranged that 1*9 cm. to 3 8 cm. wide space is left length-tyise for 
the insertion of reinforcements. The gap js then filled with rich 
cement mortar or cement concrete. 

16 6 Reinforced Concrete Lintels. On account of their 
durability, strength and fire resisting properties, reinforced concrete 
lintels are commonly used. The are economical and easy in 
construction. They can be used for bigger spans and heavy loading 
conditions. 
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^ R.C.C. lintels arc constructed with 1 : 2 : 4 cement concrete 
reinforced with mild steel bars. They may be pre-cast or cast-in^ 
situ. For smaller spans, say up to r2 m. pre-cast lintels arc preferred. 





\r-S 
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Fig. 16-3 

Details of a reinforced concrete lintel 

They are manufactured and cured well in advance and as such are 
economical as the same mould can be used a number of times. 
The use of pre-cast R G.G. lintels expedites the construction as no 
more time is needed for their curing. While laying a pre-cast 
lintel, special care should be taken to see that the marked face of the 
lintel (soon after pouring concrete in the mould, the top of the 
concrete surface is marked with some paint, or tar so as to distinguish 
it from bottom face) is kept at top. If the lintel is placed in reverse 
position, i e. the marked face pointing downward, disasterous result 
may take place. For larger spans, lintels are cast-in-situ, as pre-cast 
lintels will have to be given additional bending treatment of reinforce*^ 
ments to guard against the lifting stresses. For lintels over large 
spans subjected to heavy loadings, the depth of the lintel and the 
a TfiA of the reinforcement should be accurately computed. 
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Depth of lintel for ordinary loading : Up to 1'2 m. length 
of span, a 15 cm. deep lintel is found to be safe. As a general rule 
add 23 mm. for every additional 30 cm. span. 



Fig. 16-4 

Reinforced concrete lintel with a chajja projection 

Reinforcement for lintels for ordinary loading ; The number of 
main bars for a lintel depends upon the load from wall to be carried 
above and the span of the opening. As a general rule for each 10 cm. 
(half brick) thickness of wall, one main bar should be provided. 
The diameter of the bar varies with the span. Upto 1'2 m. span ; 
10 mm, if> bar ; from 12 m. to 2 m. span 12 mm. ^ bar and from 
2 to 3 m. span 16 mm. <f> bar will be found adequate. 

16'7 Steel Lintels. When a large opening carrying heavy wall 
load is to be spanned by a lintel, an R.G. lintel will work out to be 
very deep. If due to architectural reasons, the depth of the lintel 
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Elevation and section of a steel lintel 
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is' to be restricted, it is economical to use steel lintel. Steel lintel 
consists of section of rolled steel joists, used singly or in a combi¬ 
nation of two or three. Built-up lintel consists of three R.S.Js. spaced 
together and connected to each other by bolts passing through 
them at intervals. This system is embedded in concrete and is cured 
like R C. lintel. 

16'8 Arch. An arch may be defined as mechanical arrange¬ 
ment of wedge-shaped blocks of stones or bricks mutually supporting 



each otlier and supported at the end by piers or abutments. In 
common with lintels, the object of an arch is to carry the weight of 
the structure above the opening. Because of their shape, the blocks 
support each other by the mutual pressure of their own weight and 
the structure remains in position by the resistance of the supports. 


Technical Terms. The 

in arch work have described below : 


various technical terms used 


(i) Abutment or pier is the part of the wall or pier on which the 
arch rests. 

(n) Arch ring is a course of stones or bricks having a curve 
similar to that of the arch. 

(Hi) Intrados or soffit is the under-surface of an arch. 

(i») Extrados is the outer surface of an arch or the outer curve 
of the arch ring. 
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(v) VottBsoirs or arch blocks or arch atones axe the fledge shaped 
units fbrming the arch. 

(vt) Springing stone or springer is the first voussoir at springing 
level on either side of the arch. 

{vii) Springing line is an imaginary line joining the two spring* 
ing points. 

{viii) Crown is the highest point of the extrados or it is the 
highest part of an arch. 

(ix) Key~stone is the highest central wedge-shaped block of an 

arch. 

(x) Skew back is the surface of the abutment on which the arch 

rests. 

(xi) Span is the clear horizontal distance between the supports. 
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Various types of arches 
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(xii) Rise is the vertical distance between the springing line 
and the highest point on the intrados. 

(xiii) Springing points are the points at the extremities of the 
intrados. 

(xiv) Depth of the arch is the perpendicular distance betw'CCD 
the intrados and the extrados. 

(xv) Eaunch of the arch is the portion of the arch situated 
centrally between the key and skew backs. 

(xvi) Spandril is the triangular walling enclosed by the extrados 
of the arch, a horizontal line from the crown of the arch and a per* 
pendicular line from the springing of the outer curves. 
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Fig. 16-9 

Various types of arches 

16'10 Type of Arches. Arches derive their names from the 
shape of curve formed by their soffit or intrados. The type of arches 
commonly adopted in construction work are : 
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Fig. 16*10 


Various types of arches 
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(1) Flat arch 

(2) Semi'Circular arch 

(3) Segmental arch 

(4) Relieving arch 

(5) Dutch or French arch 

In addition, there are various other types like elliptical arch, 
parabolic arch, four-centred arch or tudor arch, five*ccntred arch, 
points arch, etc. The various types of arches have been shown in 
Figs. 16*8-16*10. 

16*11 Materials of Gonstruction. Arches may be constructed 
with bricks, stones and concrete. Classification of arches by material 
is given below : 

16T2 Brick Arches. Depending upon the nature of work¬ 
manship and the quality of brick used, brick arches maybe classified 
as rough arches, axed brick arches, gauged brick arch and so on. 

Rough arches : These arches are built with ordinary bricks 
which are not cut to wedge shape. In order that all the bed joints 
may be normal to the curve of arch, the joints are made wedge- 
shaped. 
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Fig. 16*11 
Rough brick arch 

Thus the joints at the extrados are wider than those at the 
intrados. The wedge-shaped joints spoil the appearance of the arch 
and as such rough arches are seldom used for facing brick-work. 
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These arches arc generally used over wooden lintels in order to 
relieve the latter of the weight of the masonry above. Hence they 
•are sometimes termed as ‘relieving arches”. ^ 

Axed brick arches : In this type of construction, the bricks 
arc cut to wedge-shape. Thus the joints of the arch are of uniform 
thickness. Since the wedge-shaped units arc not hnely dressed, the 
appearance of the arch is not much attractive. * 



Fig. 16*12 
Axed brick arch 

Gauged brick arches ; As the name suggests, gauge bricks are 
those which have been accurately prepared to a wedge shape for the 
arch construction. Hard bricks cannot be used in this type of cons-* 
truction as it is difficult to cut them to true wedge shape accurately. 
Hence specially made bricks known as “rubber bricks*' arc used in 
the arch construction. The bed joints are very thin usually 16 mm. 
thick. Cement mortar is considered too coarse for such joints, 
hence lime putty is used for binding the blocks. The thin white joints 
add to the appearance of the finished work. 

Bonds in brick arches : For ordinary work, bricks in concentric 
rings of half bricks are laid with non-continuous radial joints. Each 
ring is fully completed before constructing the ring immediately 
above it. For spans above 7 6 m. the concentric rings of brick 
work have a tendency to separate and there is a continuous danger 
of the whole pressure being thrown to one ring, which might get 
crushed and thus collapse the entire arch structure. This danger is 
avoided either by laying bricks alternately as headers and stretchers 
in section with continuous radial joints or by providing key stones at 
intervals. 
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16.13 Stone Arches. Considering the nature of workman* 
ship and dressing of the material, stone arches may be divided in the 
following two categories : 

1. Rubble arches 

2. Ashlar arches. 

Rubble arches : They are constructed with rubble stones which 
have been hammer-dressed, roughly to required shape and size of 
the voussoirs. In arch ring up to 38 cm. in thickness, all stones 
should be of the full depth of the arch. In arches above 38 cm.. in 
thickness, the stones are laid in two rings in alternate course of headers 
and stretchers. This type of construction is weak in strength and is 
not attractive in appearance and is as such provided for small 
openings only. 



Fig. 16*15 

Semi-circular stone arch 


Ashlar arches : They consist of arch stones which have been 
dressed full and true to their proper shapes. In all the cases where 
the depth of the arch is 60 cm. the voussoirs are made of full thick¬ 
ness of the arch and are set in fine mortar wiA their radial joists. 
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The stones are laid as> headers and stretchers alternately, all headers 
being of full depth of the ring and not more than two stretchers 
going to^ make the full depth of the arch ring. In case where the 
arch thickness has to be more than 90 cm. only the quoins and the 
key*stones arc made of the full thickness of the arch ring. In order 
that the voussoirs may be dressed to wedge shape, a full size arch 
is first set out on a level platform. The sizes of voussoirs and that 



of the keystone are carefully marked on the platform after leaving 
gap for the mortar joints between them. This method of setting 
out requires slight adjustment and thereafter the required shape of 
the voussoirs and keystones is cut with the help of arch set out on the 
platform. Finally the stones are cut true to the shape of the 
template and the voussoirs thus formed satisfy specification of the 
ashlar arch construction. 

$ 

16.14 Concrete Arches. They are of two different types, 

. namely, concrete block arches and monolithic concrete arches : 
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Cof^Oe block arches : For small openings in a buildinff 
conCTctc block arches can be provided with advantage. The voustoirt 

“««»«« Woeb, a« prepLrrfto TSb 
made moulds for the purpose. The moulds of concrete bl^k for 
” skew backs are of slightly different dimension,. “Ae 
concrete mix usually adopted for block construction consists of one 
part of cement, two parts of sand and four parts of afirvrevate 
the concrete in tibe mould i, fully «^/the blocllf^oncmm a% 
removed for curing m a water pond, constructed for the purpose 
Generally, the concrete blocks are used without reinforcement ^e' 
arch construction tnth concrete blocks is similar to that for' «one 
or brick arch construction. 

M^liihic concrete arches : Monolithic concrete archine is 
frequentlY used for roofing of buildings, culverts and bridges. The 
construction for smaller span with ordinary loading conditions 
require no reinforcements. The arching can be done in lime 
concrete as well as in cement concrete. For roofing arches, a rise 
of 5 for evenly 30 cm. of span is usually allowed when lime ‘ 
concr^e is use^ The minnxium thickness of arch should not be less 
than 15 cm. fbr sj^ns up to 3 m. As a general rule, add 38 mm 

to*^l^^i^rccT^ **■''**” 

Meth^ of Coaatruction 

Centering i The usual centering for arch construction consists 
^ a horizontal frame of timber known as centre or turning niece 
The centring differs according to the shape of arch curve the 
material used in arch construction and the span of the op ening 



Figs. 16*17—16*18 
Centering for a segmental arch 
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The centring may be of timber or steel. Use of. steel centring is 
very rare due^ to high cost of material and is usually preferred in 
huge construction works where the same centering is to be used a 
number of times. Wooden centering in its simplest form consists 
of a pair of solid ribs, cut from a plank of thickness required for 
centering. The upper surface of the ribs is given the shape of the 
soffit of the arch to be constructed. Lagging or cross battens are 
nailed across the ribs at close intervals for supporting the voussoirs 
at top. The spacing of lagging^ may be increased in case of stone 



Fig. 16*19 

CeDtering for a semi*circular arch 

arch. The distance between the two ribs depends upon the thickness ^ 
of wall to be carried by the arch. Bearing pieces are nailed alj 
the bottom of the ribs so as to enable them to be supported on the! 
the vertical props. For large spans, built up ribs.are used instead, 
of solid ribs. To facilitate casing or lowering of the centering, a pair ! 
of wedges is provid^ between the supports and the bearing pieces, i 

Procedure of conHruction : After the centering is properly erected- 
in position, skcwbacks are first prepared and voussoirs arc arranged; 
in the form of arch curves starting from the skcwbacks and proceed”!'’ 
ing towards the crown. Keystone is finally inserted to lock aU| 
the voussoirs in position. The voussoirs must be properly bedded* 
to ensure strength and stability of the arch. After the key ^s( 
been placed in position, the centre should ^ be cased by slackeningt 
the wediges. During the process of easing, great cJ»re should be 
taken to see that the centre is lowered only by a small height say 
‘ 3 mm. The lowering of centre is necessary in stone arch construction 
so sts it allows the voussoirs to settle upon their beds nicely. No load 





372 


BUXLDINQ OOSrSTBUCTIOK 


should be super>imposed upon the arch work before it has fully set. 
The ‘centre* is removed before the construction of masonry above 
the arch. 

16TS Flat Arch. When used over opening of door or window, 
the flat arch acts similar to a lintel. Flat arch also known as straight 
or camber arch is laid with its bed joints radiating to a centre. The 



Fig. 16-20 
Flat brick arch 



Semi-circular arch 
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skewback is made to rest in an inclined position so as to make an 
angle of 60® with the springing line. The extrados of the arch m 
horizontal but the intrados has a straight camber or upward curvature. 
The camber is usually 3 mm. for every 30 cm. of span and is 
necessary to avoid optical illusion of sagging. Flat arches are not 
strong as compared with other forms. 

16*16 Semi CHrcular Arch. The arch derives its name from 
the shape of the curve given to the arch soffit. The different types 
of semi-circular arches in stone and brick masonry are shown in 
Figs. 16*13, 16*15. 16*16 and 16*21. 

16*17^ Segmental Arch. This type of arch is segmental in 
shape and is commonly provided for openings of various sizes. The 
bed joints of segmental arch radiate from a common point, which 
lies below the springing line and is equidistant from all points on 
the arch curve. When used over a lintel, segmental arch is termed 
as “relieving arch”. 



Fig. 16*22 
Relieving arch 




















374 


BITILDZNO OOirSTBUOnON 


16*18 R«lleving Arch. Where wooden lintel is required to 
span over wider opening, brick relieving arch is usually constructed 
above the lintel. The arch thus constructed relieves the lintel of the 
load from the masonry above and hence the size of the lintel can be 
appreciably reduced. The relieving arch should have its abutments 
clear of the ends of the lintel so that the skewback slopes outward 
and away from the top edges of lintel ends. Thus the span of a 
relieving arch will be equal to the clear span of the opening plus 
twice the baring of the existing wooden lintel. The great advantage 
in this type of construction is that the wooden lintel when decayed 
can be replaced without affecting the stability of the structure. 

16*19 Dutch or French Arch. This type of arch is similar 
to a fiat arch in design hut differs in shape and method of construct¬ 
ion. This form of arch is not so sound and as such it is only suitable 
to be provided for small openings. 



Fig. 16 23 

Dutch or French arch 

Qjaestions for Reviaion 

1. What are the functions of lintels and arches ? In a neat sketch'show 
the component parts of the latter giving their technical terms. 

2. A brick wall two-brick thick has an opening 2 m. in length. The height 
of the wall above the opening is 1*5 m. The roof supported on the wall consists 
of a 12 cm. thick R.C. slab finished with 10 cm. thick mud phuska terracing. 
The parapet wall a^ve the wall is 90 cm. high and 10 cm. thick. Design a R.C. 
or R.B.C. lintel over the opening and draw a longitudinal section and a cross- 
section of the lintel showing clearly all the relevant details regarding the posi¬ 
tion of the lintel, arrangement of bars, etc. 

3. How w ■ 1 you proceed to construct a big brick masonry arch ? WMt 
type of centering would you provide 7 Sketch the entire arrangement showing 
the details of centering work. 
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4. An opening of size 1'83 m.x2'44 m. is to be provided in a solid 
wall above which there are two floors. What measures do you propose to go 
ahead with the work ? Recommend the type of lintel beam above the opening 
with a suitable dimenisoned sketch. 

5. Write short notes on; 

(i) Wooden lintels 

(if) Reinforced brick lintels 

(*if) Flat arch 

(iV) Segmental arch 

(v) Relieving arch 

(vi) Dutch or French arch. 

6. What do you understand by the terms, arches and lintels ? Describe 
in brief the various types of arches used in modern constructions. 

7. Define the following terms with regard to an arch : 

(j) Abutment 
(ii) Skew-back 
(Hi) Spandrel 
(iV) Voussoir 
(v) Key-stone 
(Vi) Crown. 

8. Make a neat sketch of two adjacent segmental archbs of brick*wqrk 
consisting of three rings each in two-brick thick wall with a pier 75 cm. thick 
between. The span of each arch is 2 m. and the rise is .Jrd the span. On your 
sketch write down the following terms in their proper places : 

(f) Springing 
(i7) Haunch 
(Hi) Voussoir 

(iv) Skewback 

(v) Spandrel 
(vj) Crown 
(v/i) Intrados 
(vh 7) Key 

(xi) Abutment 
(j;) Extrados. 

9. Draw in plan, elevation and section a stone arch 3*66 m. centre to 
centre of supporting piers. The piers are 60 cm. square. Show clearly all stone 
jointing on the drawing and indicate by arrows the following terms : 

(a) Extrados 

(b) Radious 

(c) Haunch 

(d) Springing line 

(e) Intrados 
(/) Voussoier 
(^) Key-stone. 

10. Distinguish between a lintel and an arch. Make a neat sketch of a 
stone arch and name the various parts. What are the various materials used in 
the construction of lintels. Sketch a R.C.C. lintel. 

11. What are the different types of arches that are used for engineering 
construction ? Describe any three types in detail with sketches. 

(A.M.IE. Nov. 1970) 
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Structural Design of Lintels 

17-1 General. The load which a lintel carries when sup¬ 
porting a brick wall is usually considered as the weight of the wall 



i « RFF£CT\VE SPAM EFFECTWt SPAN 

Fig. 17-1 

enclosed in a triangle with a base equal to the effective span of the 
lintel and the side angles of 60®. This consideration is made on the 
assumption that if a lintel fails, the amount of brick-work which 
would collapse with it would probably be something between a semi¬ 
circular arch or an equilateral triangle. We can also assume that the 
same effect will be produced if the loading on the lintel is evenly 
distributed over a length equal to the effective span and for a 
height equal to half the effective span of the lintel (Fig. 171). The 
above assumptions hold good only when the lintel is situated in the 
middle of the wall. 
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For the other possible locations of the lintel the diagrams 
given in Figs. 17'2, 17*3 should be referred to. The hatched portion 
in the figures shows the load which should be considered for the 
design. 



17*2. Steps to be Followed in the Design of Lintels, '^e 

basic design steps described below are only applicable to the design 
of reinforced concrete or reinforced brick lintels. 

(а) Assume suitable depth of the lintel with the help of thumb 
rule. The breadth of the lintel should, as far as possible, be equal 
to the thickness of the wall to be supported above the opening. 

(б) Decide the bearing of the lintel on the end support and 
calculate the effective span of the lintel. 

(c) (i) In case the lintel is so located that triangular loading 
is to be considered, calculate the total load (IT) of the effective 
triangle of masonry. Also calculate the load per metre run due to 
self-weight of assumed section of lintel (w'). 

{ii) In case the loading on the lintel is to be considered in the > 
form of uniformly distributed load calculate, total load (u>) per 
metre run. Therefore, (to) will be equal to load due to masonry j 
and self-weight of assumed section to lintel. 

(d) Calculate the maximum bending moment by the governjli^. 
formula. 

(i) In case of simply supported lintel (resting on two supports) j 
with triangular loading conditions, total bending moment will be^ 
obtained by calculating the maximum bending moment due to|' 
masonry above and due to uniformly distributed loa ding on account' 
of self-weight of lintel separately and adding them. 
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Max. B.M. due to triangular loading » .,.(») 

Max. B.M. due to uniform loading » —^ 

Wl 

Therefore, Total max. B.M. « -=—- - 

O 8 

(t) In case of lintel constructed over several supports : If the 
location of the lintel is such that triangular loading is to be consi¬ 
dered, convert the loading in the form of uniformly distributed load 
as decribed before and find the total uniformly dutributed load 
including the self>weight of lintel. 


Formula for B.M. for lintel continuous for two equal or 
approximately equal spans. 

Max. -|-ve B.M. near the centre 




10 


kg. m. 


Max. —VC B.M. over interior support 


toZ* 

10 


kg. m. 


Formula for B.M. for lintels continuous for more than two 
spans. 

Max. +ve B.M. near the centre of end spans and 
max. — ve B.M. over the penultimate support 

tvr‘ . 

= ± -fy- kg. m. 










• -«• 
TT 


Fig. 17-4 

The max. 4-ve B.M. at the centre of all the intermediate spans 
and max. — ve B.M. overall the intermediate support 




wl^ 

12 


kg. m. 


Multiply the B.M. thus obtained by 100 to convert it in 
kg. cm. 

(c) Calculate the effective depth of the lintel by the formula 
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where 6 ax assumed breadth of the lintel 
and Q = 8 48 (For M150 grade of concrete) 

(/) Fix the over-all depth of the lintel and obtain the final 
value of the effective depth. 

{g) Calculate the required area of steel by the formula, 

At s=- s— sq. cm. 

Oj.a.i ^ 

{h) Choose suitable diameter of the bars and find the number 
of bars required for At in step (g). Check that the bars 
should fit into the assumed breadth of the lintel. 

(t) Calculate the maximum shear force in the lintel by the 
governing formula. 

f il In case of simply, supported lintel 

XT C f ^ 

Max. S.F. -f 

where L = clear span of the lintel. 

(n) In case of continuous lintel. Shearing force at the outer 
edge of the first interior support *= 0*6 wl kg. Shearing 
force at the interior support, other than the first support 


= = 0-5 wl kg. 

(») Find the shear stress by the formula 


The value of safe shear stress (.s) for Ml 50 grade concrete is 
5 kg./cm*. 

If the calculated value of shear stress works out to less than 
. kg,/cm®, no shear reinforcement is necessary and only nominal 
. stirrups arc provided at c/c distances not more than' the lever anr 
(oi-d) of the lintel. On the other hand, if the shear stress as calcu¬ 
lated above exceeds 4x 5 = 20 kg./cm*, the lintel is considered to lx 
unsafe and hence the assumed section of the lintel should be altered. 

If the value of shear stress as calculated above is less than 
. 20 kg/sq. cm. but greater than 5 kg/sq. cm., shear reinforcemeni 
I should be provided. 

f The^ spacing of the stirrups to be provided as shear reinforce- 
■ ment is given by the formula 


p -- 


cm. 
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where p =» Pitch or c/c spacing of the stirrups. 

= Cross-sectional area of all the legs of the stirrup. 

t — The permissible tensile stress in the shear reinforcement. 

(It is taken as 1400 kg./sq. cm.) 

8 = Shear force at the section. 

a s= Lever arm. 

{h) Calculate bond stress by the formula 

where St Maximum value of bond stress deve¬ 

loped 

20 ss: The sum of the perimeters of the tensile 
bars available at that section. 

The permissible value of local bond stress for Ml50 grade of 
concrete is 10 kg/sq. cm. 

If the calculated value of bond stress exceeds the permissible 
limit, adopt the following alternatives to reduce the value to safe 
permissible limit. 

(t) Use thinner diameter bars so that, for the same area 
of steel, larger perimeter is available for developing 
bond. 

(tt) Increase the depth of the lintel. 

Example 17'1 Design a reinforced concrete lintel over a show 
case window opening two metre wide. The window is to be centrally 
located in the 20 cm. thick brick wall. The height of the brick work 
above the lintel may be taken as 3 metre. 


Solution. Assume the size of the lintel as J8 cm. deep and 
20 cm. wide. 

Let the bearing of the lintel on the end support be = 20 cm. 

effective span = 2+(0*18—0*03) — 2*15 m. 

Loads 

{%) To calculate the load due to triangular poition of the brick 

work. 


Height of triangle having a base length of 2*15 ra. and base 

2i5 

.angle as 60® each = \/3x- 


2 


= 1*863 metre. 



382 


BxnLDnra oonstbuotxoh 


or 


Jx215xl'863x0*20xl920 
«= 770kg. 

(tt) Uniformly distributed load due to self-weight of the lintel 

w' s= 0 18 x 0-2 x 2400 
rs 86 4 kg./m- 

Total max. B.M. 

Wl . w\l* 

“6+8 

770x2 15 .86-4X2 15* 

“-3 

* 276-450 
= 326 kg. m. 

326000 kg. cm. 


Required cfiective depth : 


d 



32600 

8*48X20 


= 13*9 cm. 


Adopt an over-all depth of the lintel — 17 cm. 
Available effective depth * 17—3 * 14 cm. 


32600 

0*8Tx 14x1400 
=3 1*911 sq. cm. 

No. of 8 mm. 4 bars required 

_ =3*83 say 4 No’s 

0*5 


^ ^ W w'L 
Max. S.F..*=s -4 —^ 

= ™ +864xi 
385-486-4 

» 471*4 say 472 kg. 
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CJitch for shear : 

a ^ S 
Oj d.h 

472 

“ 0-87x14x20 

= 1-94 kg./sq. cm. < 5 kg./sq. cm., hence 
safe. 


Check for bond: 

Assuming 2 No’s 8 mm. ^ bars from mid-spans, bent up near 
supports 

^ ai.dSO 

472 

0-87xl4x2x2-51 

= 7-72 kg./sq. cm < 10 kg/sq. cm., 
hence safe. 

Provide 6 mm. 2 legged stirrups at 0*87 x 14 = 1219 say 
12 cm. c/c. 

Provide 2 No’s 6 mm. 4 anchor bars. 

Example 17-2. Fig. 17-6 shows plan and section of a room. 
Design a reinf&rced concrete lintel over the window opening. Following 
data may he assumed : 

c = 50 kg.jsq. cm. 
t 3= 1400 kg./sq. cm. 
m sss 18. 

{ii) Weight of lime concrete terracing = 1920 kg.feu. m. 

(ni) Weight of brick masonry =* 1920 kg.fcu. m. 

(iw) Super-imposed load on the slab = 200 kg/sq. m. 

Solution. Keeping in view the location of Ae lintel and the 
height of brick work above, it is very much apparent that the lintel 
will be subjected to uniformly distributed loads on account of roofing, 
brick-work above the lintel and self*wt. of the^ lintel itself. Assume 
the size of lintel as 45 cm. deep and 30 cm. wide. 

Assume the bearing of lintel at each end = 30 cm. 

Effective span = 2’7-f 0*3 = 3 m. 
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Fig. 17-6 


Loads per metre run on the lintel consist of the following : 

(1) Load due to self-weight of lintel 

ft 

= 0 45x0*3x2400 = 324 kg. 

(2) Load due to brick masonry above the lintel. Since tri¬ 
angular loading is not possible in this case, the uniformly distributed 
load per metre run «= 0-3{(2-2—0'45)-b0*15+*l+0-3}1920 

= 0-3 X 2-3x1920 

= 1325 kg. 

(3) Load due to roofing ; 

Load per sq. m. due to roofing consists of the following: 
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(*) Wt. of 15 cm. thick R.C.C. roof slab (given) 

« 0 15x2400 = 360 kg, 

(tt) Wt. due to 10 cm. thick lime concrete terracing 

= 01X1920 

{it) Super-imposed load on the slab 


192 kg. 

200 kg. 


Roof load per metre run on the lintel 

= 752x-^ 


Total 752 kg. 


= 1693 kg. 

Total design load per metre for the lintel 
= (l) + (2)+(3) 

= 324 + 1325+1693 
= 3342 kg. 

Max. B.M. = 

O 

_ 3342x32 
__ 

= 3760 kg. m. 

= 376000 kg. cm. 


Required effective depth of the lintel 





376000 

8-48x30 


= 38'48 cm. 


Adopt over-all depth of the lintel = 42 cm. 

Assuming 14 mm. ^ main bars, available effective depth 


= 49-(2-5+0*7) 

= 38 8 cm. 

= 

376000 

0-87 X 38-8 X 1400 
= 7-96 sq. cm. 
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No. of 14 mm. ^ bars required 

7-96 


1-54 

Max. S.F. at ends of the lintel 

3342X1'*7 


5-17 say 5 No’s 


wL 

~T 


s= 4510 kg. 


Check for shear : 




8 


ai-d.b 


4510 


0 87x388x30 

= 4-46 kg./sq. cm. < 5 kg./cm., hence safe. 


Check for bond : 


Assuming 2-14 mm. ^ bars from mid-span bent ud near 
■support. 


St 


_S__ 

aj.d.SO 


4510 

” 0 87X38-8X3x4-40 
= 10*12 kg./sq. cm. 

Since it is very slightly more than 10 kg./sq. cm., it may be 

allowed and no revision need be made. . ^ 

Provide 6 mm. ^ 2 legged nominal stirrups @ 0 87 x 38*8 « 
33-8 say 33 cm. c/c. 

Provide 2 No’s 12 mm. ^ anchor bars. 

Example 17-3. Design a lintel continuous over four wtndmo 
openings each 2 metre wide and separated by 20 cm. x 20 cm. brick 
pillars. The height of brick work above \the window openings is T5 
metre. The windows are to be bvilt along the width of a hall, and it 
may be assumed that no roof load is borne by the lintel. In addition a 
HO cm. wide sun shade is required to be cast monolithic with the lintel. 
Design the sun shade also. 
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Soladon. In order to calculate the load transferred by the sun 
shade to the lintel, it is necessary to design the sun shade first. 

Design of sun shade : Assume the thickness of the sun shade 
slab to be =7 cm. 

Span of sun shade = 60 cm. 

Design loads for sun shade per metre run. 

{i) Due to self.wt. of sun shade = 0*07 X 2400 

= 168 kg. 

(**) Live loads etc. = 200 kg. 


Total — 368 kg. 


Max. B.M. 


loZ* 

~T 


0-6 

«368x0-6x™ 


= 66-2 kg. m. 
= 6620 kg. cm. 


d 



6620 

8-48 X 100 


= 2-82 cm. 


However, from practical considerations, provide over-all depth 
of the lintel = 5 cm. 


Assuming 6 mm. 4* rnain bars effective depth 

= 5— ^1-3-1- = 3*4 cm. 


At = 


6620 


0-87x3-4x1400 
ss= 1-60 sq. cm. 

c/c spacing of 6 mm. 4 bars {at — 0'28 cm*) 

100x0 28 


p 


1-6 


= 17*5 cm. 


However, vide **Basic rule for design of Beam and Slabs,” the 
maximum spacing of the main bars in a slab should not exceed three 
times the effective depth. 

3x3*4 s 10-2 cm. say 10 cm. c/c. 


or 
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Hence the spacing of 6 mm. ^ main bars shall be kept as 10 
cm. c/c. 

c/c spacing of 5 mm. distributors = 5x3’4 = 17 cm. c/c. 

In order to adjust the bars in equal spacing provide 5 mm. ^ 
distributions @ 15 cm. c/c. Taper the slab to 4 cm. at the ends. 

Design of continwus lintel: Assume the size of lintel 
= 20 cm. x20 cm. 

Clear span = 2 m. 

Effective span = 2 2 m. 

Load per metre run: 

(») Due to self-wt. of the lintel «= 0 2 X 0 2 X 2400 

= 96 kg. 

{ii) Due to brick work above the lintel = 0 2 X 1920(1”5—0 2) 

= 499 kg. 

(in) Due to sun shade = 0'6(0 05x 2400+200) 

= 0-6x320 
= 192 kg. 


Max. B.M. in the mid-span 


supports 


V'P 

10 


787 kg. 

and penultimate 


= 787 X 


2 - 2 ^ 

10 


= 381 kg. m. 

= 38100 kg. cm. 

Max. B.M. in the mid-span of remaining spans and over 
intermediate supports 

_ wP 

""T2 


= 787x 


2 - 2 « 

12 


= 317 kg. m. 

= 31700 kg. cm. 
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Required effective depth from considerations of max. B.M. 

-4 


d: 


38100 
8-48x20 

= 14'95 cm. 

Adopt over>all depth of the lintel—18 cm. 

Assuming 10 mm. ^ main bars, available effective depth 

1-0 


= 18- (2-5+ 


— 15 cm. 

At for mid'span of end span and penultimate supports 

_ 38100 

6-87 X i5 x HOO 

=2 085 sq. cm./m. 


Provide 3 No*s 10 mm. <f> bars {At provided = 2-36 sq. m.) 

At for mid-span of the remaining spans and intermediate 
supports 


31700 _ 

0 87x rs x Ho^ 


= 1*735 sq. cm./m. 

Provide 2 No’s 8 mm. ^ bars and 1 No’s 10 mm. <f> bar {At 
provided = 1*79 sq. cm.) 


In order to afford facility in the arrangement of bars, provide 
2 No’s 8 mm. ^ anchor bars in the middle spans and 2 No’s 10 mm. 
(f> anchor bars in the end spans. These bars will serve both as anchor 
bars as well as main reinforcements for — ve B.M. over support as 
shown in the Fig. 17‘9. 

Max. S.F. in the lintel occurs at the outer edge of the first 
interior support. 

S.F. = 0'6 wl 

= 0*6x787x2-2 
= 1040 kg. 


Check for shear : 


8 
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1040 

0 87x15x20 

= 3*99 kg./aq. cm. < 5 kg./sq. cm., hence safe. 

Check for boiid : 

At first interior support 

Oi.rf.20 

1040 

0'87xl5x3x314 

«= 8 46 kg./sq. cm. < 10 kg./sq. cm., hence safe. 

Check for bond : 

At intermediate supports, 

Max. S.F. at intermediate support 

sss 0 5 wl 

= 0-5x87x2 2 
= 865-7 


® 0-87 X 15(2x2-51+3-14) 

= 8-14 kg./sq. cm. < 10 kg./sq. cm., hence safe. 
Provide 6 mm. tj> 2 legged stirrup @ 0-87 x 15 = 13*05 cm. 

Say 13 cm. c/c. 


aocm —H 



SECTION - r r* 
Fig. 17-8 
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SECTION - XX' 
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Fig. 1710 Structural details of R.C.C. lintels for various spans for 2Q cm. thick brick wall 
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Fig. 17'11 Structural details of R.C.C. lintels for various spans for 30 cm. thick brick wall 
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Fig. 17 12. Structural details of R.C.C. lintels'for various spans for 40 cm. thick brick wall 
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(Questions for Revision 

1. Design a reinforced concrete lintel over a twin-window opening in a 
lecture hall. The total width of the opening is 3‘5 m. The wall above the open¬ 
ing is constructed in stone masonry 45 cm. wide. The height of wall above lintel 
level is 4'2 m. The lintel is to be provided with a 90 cm. wide sun shade cast 
monolithically with it. Draw a dimensioned plan and section of the designed 
member. 

2. Design a reinforced concrete continuous lintel over five windows 
separated by 30 cm. x 30 cm. brick pillars. The clear span for each window is 
2'5 m. The wall containing the window is the load bearing wall of a hall 
measuring 5 m.x 15 m. The slab which lies TS m. above the lintel consists of 
IS cm. thick R.C. slab finished with 10 cm. thick lime concrete terracing. The 
super-imposed load on the roof may be taken as 200 kg./sq.m. 

3. Design a lintel over door opening 130 cm. wide. The opening is left 
in the wall 45 cm. from one of its corners. The height of wall above the opening 
is 2 m. The thickness of wall may be assumed to be equal to 30 cm. 

4. Design a reinforced concrete lintel over an opening 3 m. wide. The 
height of 30 cm. wide wall above the opening may be assumed to be 4 m. Draw 
a detailed longitudinal section and cross-section of the lintel. 

5. State briefly the influence of reinforced concrete in the construction 
of a modern building. 

The front portion of a memorial hall has to be provided with a R.C.C. 
cantilever projection. The site of the memorial hall is located near a highly 
fashionable shopping centre. The projection may be about 4'27 m. and the 
length about 7*62 m. Assuming that there is proper counter-weight, design the 
R.C.C. beam over the opening and the cantilever projection. Draw diamension- 
ed sketches showing the details of the reinforcements. 
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Carpentry Joints 

181. General. Carpentry is the terra applied to that form 
of wood-work in which the wooden members are subjected to loads 
OT thrusts. Depending upon the type of work, the members may be 
permanently subjected to bear loads as in case of wooden lintels, 
wooden floor joists or they may be provided to bear the load in a 
temporary capacity in a form of scaffolding, centering, shoring etc. 
Joinery may he defined as the trade in wood work in which skilled 
labour is required to render the wooden members capable of framing 
together. It is an art of cutting, preparing and joining the individual 
pieces of timber, so as to form the frame of the desired shape, size 
and finish. In this country, carpentry and joinery are treated as 
a single trade. The workman who handles the work of carpentry 
and joinery is called a carpenter. The wooden members may either 
be jointed by nails, screws, bolts, connections or by cutting the 
different members in different ways to form grooves or projectioni 
which when framed together serve the desired purpose. It is some¬ 
times necessary to use iron castings in the form of straps, gibbs and 
cotters, to strengthen the joints in wood work. 

18‘2 Technical Terms. The various technical terms used in 
carpentry or joinery have been briefly described below : 

1. Chamfering : It consists in taking off the edges of a wooden 
member. Thus a chamfered member has a sloping or bevelled 
edge. Chamfering is usually done by means of a plane. Chamfering 
is essentially done to prevent the exposed wood work to have sharp 
edges, and incidentally it imparts architectural beauty to the 
member. 

2. Planing : The process of taking the shavings off a wooden 
member is called planing. The carpenter’s tool used for the purpose 
is called a “Plane”. The surface smoothened with a ‘plane’ is called 
dressed or wrought surface. 

3. Plank : It is the name given to a heavy thick and wide 
wooden board. 

4. Rebating : It is the process of cutting a rectangular groove 
along the edge ol a member, so as to enable the edge or tongue of 
another member to fit in the former. 
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5. Housing : It is the process of cutting groove in a timber 
piece across its grain, so as to permit the insertion of another mem¬ 
ber in it. Housing may he plain, shouldered or dove-tailed. 

6. Scribing : It is the process of framing one moulding to the 
face of another in an interior angle. 

7. Seasoning : It is the process of rendering timber free of 
the sap either by natural or artificial means. 

8. Mitring : It is the process of joining two wooden members, 
at an angle. 

9. Milled : It is the term applied to a wooden member which 
has been run through a wood working mill. 

10. Bead : It is a rounded or semi-circular moulding provided 
on the edges or surface of wood. 

11. Batten: It is the name given to a narrow slip of wood 
nailed over joints of boards. 

12. Studding : It is the term applied to the fixing of small 
timber battens, to timber walls, to which lathes and boards are to be 
nailed. 

13. Veneering : It is the process of covering the exposed surface 
of a wooden member with a thin sheet of a costlier type of good- 
looking wood, to improve the appearance of the member. Veneering 
is done just for decorating the wood work and it does not contribute 
to the strength of the veneered member. 

14. Wain-scot : It is the term applied to wooden panelling on 
the masonry walls for a height of 60 to 90 cm. from the floor level. 

18’3. Classification of Joints. The various types of joints 
used in wood framing can be divided into the following categories : 

1. Lengthening^ spliced or longitudinal joints' 

2. Bearing joints 

3. Framing joints 

4. Angle or corner joints 

5. Ohlique-shouldered joints 

6. Widening or aide joints 

18'4 Lengthening, Spliced or Longitudinal Joints. As the 

name suggests, these joints are used to lengthen a wooden member. 
The method of lengthening of the member varies with its situation 
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Fig, 18*1 Lapping Joint v^ ith mild stee Ibolts 
Fig. 18'2 Lapping joint with stirrup straps 



Fig. 18-3 

Sectional elevations of various types of fishing joints 
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in a framed structure. Thus, lengthening joints are further sub¬ 
divided into the following types : 

(i) Lapping joint. 

(u) Fishing joint. 

(in) Scarfing joint. 

{iv) Tabling joint. ^ 

(t) Lapping joint: This is the simplest form of lengthening 
joint and is formed by lapping the end of one member over that 
of the other and fastening them together by bolting or by using 
connections. This type of joint should not be recommended for 
members subjected to large stresses because of the axis of the 
members at the joint not being in one line. The various types of 
lapping joints have been shown in Figs. 181 —18'2. 

{ii\ Fishing joints : In this arrangement of jointing wood 
work, the ends of the two members butt together and the junction 






Fig.18-4 

Sectional elevations of various types of scarf joints 
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is bolted after providing wooden or steel pieces called “fish plates” 
on two opposite faces of the joint. The strength of the joint depends 
upon the fish plates and bolts used in the joint. 

(Hi) Scarfiv^ joint : This system of lengthening wooden 
member, is especially suitable in places, where it is necessary to main¬ 
tain the same depth and width of the member throughout its length* 
To achieve the said condition, a part of the thickness of the timber is 
cut from each member from opposite sides, so that they lap on each 
other when jointed. The strength of this joint depends upon the 
bolts used for jointing. The fish plates used in the joints are usually 
bent and let into the timber. 

(w) Tabling joint : This joint is very much similar to scarf 
joint in construction and is adopted where the member is subjected 
to both tension and compression. 





18 5 Bearing Joints. Broadly speaking, bearing joints may 
be divided into the following different types : 

(i) Notching joint 

(ii) Cogged joint 
(Hi) Halving joint 
(tv) Housed joint 
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Fig. 18-6 

Sectional elevations of various types of tabling joints 


{v) Dovetailed joint. 

(t?t) Mortise and tenon joint. 

(vii) Joggle or stump joint. 

{viii) Dovetailed tenon joint. 

(ix) Open mortice joint. 

lx) Chase mortise joint. 

(xi) Tusk tenon joint. 

(i) Notching joint ; This joint is commonly provided at the 
junction of two members meeting at right angles. Notching consists 
in cutting a depression to the full width of one member to enable 
it to be fixed to another member. In some cases both the members 
are cut to form the joint. In such cases the joint is called double 
notched joint. It is very much clear from the shape of the joint that 
the fimetion of notching is to prevent the lateral movement of the 
two members. 

(ii) Cogged joinJt : This joint is commonly provided between 
wall plate and the tie beam of wooden truss where it is essential to 
utilise the entire depth of the wall plate for bearing the tie-beam. 
T^e joint may be single or doable cogged. In single-cogged joint, a 
small depression, equal in width to the width of the member to be 
placed over it, is cut in the lower member. In case ol a double-cogged 
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(in) Halving joint : This joint is used in members crossing or 
meeting at an angle. In this method of jointing, each member on 
opposite sides is cut to half of its thickness, at the joint and lapped. 
Thus, if the two members are of different thicknesses, the top face of 
the member at the joint will be flushed. In case both arc of the same 
thickness, both top and bottom face of members at the joint will be 
flushed. Sometimes the members are bevelled from consideration of 
strength ; in such cases, the halved joint is termed as bevelled halved 
joint. 



Fig. 18-8 
Bearing joints 

{iv) Housed joint : In the housed joint, the entire end or 
thickness .-f one member is let into the notch in another. This joint 
is commonly adopted in works of heavy nature, where other types of 
joints may not be practically suitable cither from considerations of 
strength or expense. 

(v) Dovtfiiiled joint : In. this method of fastening wood work, 
wedge-shaped or flaring shaped pieces are cut out of each member 
and the joint is formed by hooking the projection of one member 
into the other one. This joint is especially used in cabinet work. In 
such places, the interlocking tenons which are dovetailed are lapped 
and the junction is strengthened by means of pins which guard 
against the possibility of the members getting pulled apart. 

{vi) Mortise and tenon joint ; This type of joint is frequently 
adopted in framing wood work. It efficiently holds the pieces 
together and is simple in construction. This joint is formed by cut¬ 
ting one of the members, so as to form a projection ternied as tongue 
•or tenon and fitting it into a slot known as mortise cut into the oth er 
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Fig. 18-9 
Bearing joints 
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member. The mortise should be of sufficient length, breadth and 
depth. Generally the depth of mortise and tenon is one-third the 
thickness of the members. The joint is strengthened by inserting 
wooden wedges from back or by inserting dowel pins from the face. 

{vii) Joggle or stump joint : This type of joint is commonly 
used for framing the studs into the sill of a wooden partition wall. Its 



Fig. 18'10 
Bearing joints 
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construction is essentially similar to that of mortise and tenon joint 
with the only difference that the tenon is cut shorter in length and 
does not extend to the full thickness of the mortise member. 



JOINT 


PAbO JOINT 



OAOO & KAOb^-T JOINT DADO .TOUNOL ti RADbi-T JOINT 



STO;Pf>t.O 0*-00 JOINT DOVE. TAIL DADO JOINT. 


Fig. 1811 
Bearing joints 


(vni) l)nre-taile.d tenon joint : This type of joint is not so com¬ 
mon in use on account of its typical shape. Generally this joint is 
formed by cutting the tenon dove-tailed in shape and framing it into 
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the mortise of sufficient length, so as to permit the wide part of the 
member attached to the back of tenon to be fixed inside the mortise. 
The joint is further secured by a hard-wood wedge. 



TK.9UGH JOINT UOIHT 6t-IHO & «TUb JOINT 



HAUMCM JOIKT riL.YC.D JOINT (*!MK1LD JOIMT 



OMIP OtL OPLM Jg'NT OCUbUt. TLVtOH JOINT HAWT &UMp JOINT 


MORTiSL 8. TEUKIOKi JQIUTS 


Fig. 18*12 
Bearing joints 
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{iz) Open mortise joint : This is a form of mortise and tenon 
joint^ in which, a metal dowel bar has to be used to secure the 
mortise and tenon in their respective positions. 



DE.TAIL FOR TOP RAIL 
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(x) Chase mortise joint : 
This method of framing^ 
woodwork is adopted when it 
is required to fix wooden 
members between such timber 
members as are permanently 
fixed in position in a wooden 
structure long before. 

(zi) Tusk tenon joint : 
This type of joint is commonly 
adopted in the construction 
of timber floors. In order to 
obtain maximum rigidity and 
strength, the tenon must be 
mortised in the centre of the 
members to be tenoned. 

18*6. Framing joints. 

These joints are similar to the 
various forms of bearing joints 
described above with the 
only difference that the 
method of cutting the grooves 
and tongues in the members 
is suitably altered to obtain 
the desired form of joint. 
This type of joint is essentially 
employed in framing doors, 
windows, partition walls etc. 
This form of joint varies with 
the shape of door or window 
frame adopted and the 
architectural treatment desired 
In general, the type of joints 
used in such constniction 
arc just a modified form of 
mortise and tenon joints. 
P’or door frames over 11 cm. 
in width, double tenon joints 
are used. 


^E-TAIU FOR 50TT0M RAIL 18*7. Angle or Corner 

Fig. 18*13 Joints. When two members 

are to be framed so as to 
Framing joints form a corner or angular 
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edge, angle or corner joint is used. The joints commonly used arc 
given below : 

(i) Rebated butt and beaded joint. 

(it) Rebated butt and staff bead joint. 

(ni) Mitre and feather joint. 

(iv) Mitre and butt joint. 

(v) Mitre rebate, butt and feature joint. 

(m) Mitre and rebate joint. 

(viz) Grooved, tongued and mitred joint. 

(vtii) Housed joint. 

(iz) Dovetailed housing joint. 

The various forms of joints mentioned above have been thown 
in Fig. 1814 below ; 




MITRE AHD KRTT MITRE,RE6XTE MITRE RI4D 


ftUTT ARO fenHIR REbllU 



GROOVE, T0U6UED HOUSED DOVETAILED 

ADD MITIE HOUStHG 


Fig. 1814 

Various types of angle or corner joints 

, ♦ 

18 8 Oblique-shouldered Joints. These joints are com¬ 
monly adopted in timber truFS construction where the members are 
jointed in acute or obtuse fashion. The various types of joints included 
in this category have been described in the chapter on .Boo/ awr? 
JSoof Coverings. 

18’9 Widening or Side Joints. The joint between two 
wooden members placed side by side is termed as widening or side 
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joints. These joints are commonly used in flooring, siding, panelling 
etc. The various types of widening or side joints are given below : 

(i) Butt or plain joint. 

(u’) Tongued and grooved joint. 



( 6UTT OR. PLAIN JOINT. 



TOaauLO AND PLOUa^ILD JOINT 



MATCWE-D AND BLADE-O JOINT 









(A ^ 


*R.E-«5>ATi;,D JOINT 



&UTT*-«rO# JOINT. 



MATC+tE-O AMD yt-E.-JOINT 



RE-e)ATt-D,4 FILLET JOINT 



SPlAVED, R£_E>ATE-D, TONGULD 5GRjOOVL. joint 


DOWt-uuL.D JOINT 


Fig. 18-1.'5 

Various types of widening or sidcj oints 
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(itt) Tongued and ploughed joint. 

(tv) Matched and beaded joint. 

(v) Rebated joint. 

(vi) Rebated, tongued and grooved joint. 

(vu) Butterfly joint. 

{viii) Matched and vee-joint. 

{ix) Rebated and hjlcd joint. 

(cr) Splayed, rebated, tongued and grooved joint. 

{xi) Dowellcd joint. 

Butt or plain joint is founed by laying the boarding side by 
side. The boards used in the work must be well-seasoned and sawn 
in such a manner that the annual rings remain perpendicular to the 
flooring joists. 

In tongued and grooved joint each board is cut so as to have 
tongue on one edge and groove on the other. 

In tongued and ploughed joint similar grooves are cut along 
the edge of the boards and hard wood piece called tongue is fitted 
tight between successive boards. Matched and beaded joint is a 
modified form of tongue and groove joint. In this type of joint the 
tongued edge of each board has special moulding. Rebated joint is 
formed by cutting rectangular depression in each board and the end, 
lapped over one another. Rebated, tongued and grooved joint is 
formed by so shaping the tongued and grooved end ol the members 
that rebate is also formed by cutting an additional width on one 
side of the tongued member. Butterfly joint is similar to tongued 
and ploughed joint. Matched and vee-joint is similar to matched and 
beaded joint with the only difference that the moulded tongue of 
each board is given a vee-sbaped moulding. Rebated and filled joint 
is similar to tongued and ploughed joint with the only difference that 
the hard wood piece is situated at the lower fiice of the boarding. 
Splayed, rebated, tongued and grooved join^ is similar to rebated 
tongued and grooved joint except that the one .side of the tongue is 
cut at an angle. Dowellcd joint is similar to tongued and ploughed 
oinc . 


18 10 Fastenings. The fastenings which arc commonly used 
in framing timber work, are briefly described below : 

1. Nails : A nail may be defined as a slender piece of metal, 
circular or oval in section. The nails usually have a flat head at one 
end and a point on the other. 

2. Screws : In places where it is not desirable to subject the 
joint to vibrations due nailing, screws are used. The screws thus 
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perform the same function as the nails do. The screws arc manu* 
lactured in a variety of diffeieni shapes and arc u.sually named after 
the shape of the head of the screw. 

3. Bolts : Bolts arestroneer than nails or screws and arc used 
in places ' where the fastening is suVyected to considerable tejisile 
stresses. Bolts are commonly employed for rittidly holding the 
members (which may he of wood or steel) at the joint. 



hanorwl SCRtW. 


Fig. 18*16 

Various types of nails, screws and bolts etc. 

4. DoffS : These are metallic pieces of round or flat section 
bent at ends forming skipped hook. 

18*11. Carpentry Tools. The tools commonly used in 
carpentry work have been shown in Fig. 18’17—18*18. 
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Fig, 18*18 

Tools of a Carpenter 


18*12. Connectors. With the advanri»m<.«t ,*« t 
Auction, various types of metallic connectors are now comm”n^Ted 
for connecting timber pieces in such a way that transmission of 
from one member to another is oerfectlv eneiir«>ri n stress 

advantageously used in the construction ^of timber tru"scr*Trches 
or oth^er similar structures. They are usually embeddS in !he 
mdividual member in such a way that the dinger oflofnt against 
sliding IS completely guarded. Split ring connector and * ‘ 

connector are the two varieties commonly used. In addition to^rhf 
above mentioned types there arc a lalge number of typical forS! 
of connectors which are used only in special circumstances! 
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RING CONNECTOR.. 
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Fig. 18-19 

Details of various connecting devices used in tinjiber joinery 

Qiiestions for Revision 

1. Describe briefly, with the help of sketches, lengthening transverse and 
framing joints in wood work. 

2. What is a bearing joint ? Show with sketches four different types of 
bearing joint. 

3. Write short notes on : 

(0 Notching {iii) Dove>tailing 

(i7) Cogging (iv) Halving. 

4. Illustrate any flve types of carpentry joints used in buildings and 
state when they are used. 

Name various types of fastenings used in wood work. 
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Doors and Windows 

19*1 Doors. A door may be defined as a frame-work of 
wood, steel, glass or a combination of these materials, secured in an 



Fig. 19*1 

Details of ^ door frame 
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opening left in a wall, for the purposes of providing access to the users 
of the structure. 

19'2 Door Frame. Door frame is made up of two vertical 
members called jambs and a flat or arched member connecting the 
jambs at top. This top member is called head. The jambs are 
usually 7'6 cm. to 11'4 cm. wide and 5 7 to 7‘6 cm. deep. The head 
is of the same size as the jambs. The jambs arc tenoned into the 
head and wedged. The head generally projects out by 7'6 cm. from 
the jambs. These projections are known as horns which help in 
securing the head to the masonry. The frame is built in reveals 
formed in the masonry and is held in position by holdfasts. In some 
cases a horizontal member placed at the floor level binds the jambs 
at bottom. Very often the jambs arc secured by dowels at their 
feet. The rear faces of the frame arc often grooved for plastering or 
lining. 


19'3 Type* of Doors. Depending 
upon the material used, method of construc¬ 
tion and the arrangement of several parts, 
doors may be classified as below : 

1. Battened and ledged door. 

2. Battened, ledged and braced door. 

3. Framed and braced door. 

4. Framed and panelled door, 

5. Glazed and sash door. 

6. Sliding door. 

7. Flush door. 

8. Revolving door. 

9. Collapsible steel door. 

10. Rolling steel door. 

11. Swing door. 



Fig. 19-2 

View of a battened 
{and ledged door 


19’4 Battened and Ledged Door. This is the simplest form 
of door commonly used. The door consists of a series of battens 
or boards usually tongued and grooved and flxed together with 
ledges. The battens are 10 to 15 cm. wide and 16 to 32 mm. thick. 
There are three ledges, one each is fixed near the top and bottom of 
the battens and the third one is flxed in the middle. The middle 
ledge is also known as lock ledge. The thickness of ledges vary from 
25 to 32 mm. and generally the middle and bottom ledges are wider 
than the top one. Usually the top ledge is 11 cm. wide while the 
middle and bottom ledges are each 18 cm. wide. The door is hung 
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by iron hinges called T-hinges or cross garnets fixed on the ledges. 
Battened and ledged doors are often used in cellars or small openings 
where appearance and strength is not of much importance and eco¬ 
nomy is to be achieved. 
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Fig. 19-3 

Elevation, section and sectional plan of a battened and 
ledged door 

19'5 Battened, Ledged and Braced Door. This is an 
improved form of battened and ledged door. In this type inclined 
braces arc provided between the ledges as shown in Fig. 19-4. The 
braces are usually 25 to 32 mm. thick and 10 cm. wide. They act 
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like atruts betwe^ the ledge and increase the strength and rigidity 
of the door. This door is commonly used for bathrooms and w.c^a 
and in places where appearance is not so important as economy. 
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Fig. 19*4 

Elevation, section and sectional plan of a battened, 
ledged and braced door 

19'6 Framed and Braced Door. The frame*work of this 
door consists of two vertical members called styles ; three cross or 
horizontal pieces called rails ; battens and two inclined braces. The 
fails are tenoned and wedged into the styles, the battens are tongued 



422 


BUILDINO OONSTBXrOTlOir 


and grooved and V-jointcd. At their upper end the battens arc let 
into the top rail while at the mid height and lower ends, they go 
right over the middle and bottom rails. The styles and the top rails 
arc generally 11 cm. wide while the lock rail and the bottom rail are 
23 cm. wide each. Thus for a 5 cm. thick door with 25 mm. thick 
battens or boarders, the styles and the top rail arc 11 cm. x5 cm. but 
the braces, lock rail and the bottom rail arc 23 cm. X 25 mm. 
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Fig. 19-5 

Internal elevation, section and sectional plan of a framed 
and braced door 
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Fig. 19-6 

External elevation of a framed 
and braced door 
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Fig. 19-7 


Elevation, section and sectional plan 
of a framed and panelled 
door with a fan light 


19 7 Framed and Panelled Door. This type of door is 
very common in use. They are constructed in various designs and 
elevations. The doors may be three panelled, four-panelled, and 
6-panelled and so on. The framing consists of narrow pieces, mortice 
and tenoned to each other and grooved in the inside of panels which 
may be of wood or glass. The outside upright members called styles 
always run through the whole height of the door frame. They form 
the most important part oi the structure as all the other members are 
directly or indirectly connected to them. The styles are tenoned to 
each, both at the top and the bottom by cross-pieces or horizontal 
members called rails. In a three or four panelled door, the central 
cross-piece is termed as lock rail and the upright meml^ in the 
centre is mlled munting. The rails are tenoned into the styles and 
the moimting is tenoned into the rails. 
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Fig. 19*8 

Details of a panelled door 


I9‘8 Glazed or Sash Door. This type of door is extensively 
used in residential as well as in public buildings. As a rule these 
doors consist of top and bottom rails and either one large panel of 
glass or two small wooden panels at bottom and the remaining area 
of glass consisting of one large panel or divided into a large number 
of panels by sash bars. In case of partly glazed doors, the styles are 
sometimes diminished at the lock rail to increase the elevational 
effect of the frame and incidentally to allow more area of glass in 
fixing. The diminished styles are called gun stock styles. 

When the door is situated in external walls of the building, the 
glass panels are held in the rebates in sash bars by putty, but when 
they are provided in interior walls or in places where they may not 
be subjected to adverse weather effect, wooden beads or mould< 
ings are used to secure the panels in the sash bars. 
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Various forms of panelled and glazed doors 























































Fig. 19*10-19-11 
Different types of panelled doors 
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Fig. 1912 

Sectional plan of ^rd glazed and ^rd panelled door 
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Figs 19-13—19-14 

Elevation and section of a ^rd glazed and,'|.rd panelled^door 
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Fig. 19* 15 Fig. 1916 

Elevation of a panelled and Solid flush door 

glazed door with gun stock styles 

Sliding Door. This type of door consists of one or more 
panels nxed with wheels on their top or bottom. The wheels run 
over in iron or hard wood guides or runners and the door panel is 
opened by sliding action. The runners run past the opening for a 
distance equal to the width of the panel, so that when the door is 
required to be opened, the door shutter occupies a new position 
parallel to the wall face and clear off the opening. Depending upon 
the width of the opening and the space available on its cither sides, 
the sliding door may either be double or single leafed. This type of 
door is suitable for goods sheds, .^shops, garages and in places where 
the use of hinges for fixing the shutters is to be avoided. 

Flush Door. With the introduction of plywood and 
ven^rs, nush door has become very popular these days. This door 
has fiat surface on both the sides. It consists of solid or semi-solid 
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framed skeleton covered on both the sides with laminated boards or 
plywood, giving a perfectly flush and jointless surface. The finished 
thickness of the door is usually 44 mm. The thickness of plywood 
used as facing varies from 3 to 6 mm. There are two types of flush 
doors : 

1. Solid flush door. 

2. Hollow core flush door. 

1. Solid flush door : This type of door consists of a central core 
of narrow strips of soft wood (usually not less than 20 mm. in width) 
glued together under pressure. The grain of the soft wood strips 
which run vertically between the top and the bottom rails is arranged 
in such a manner that the annular 


rings are in alternate direction. 
Such an arrangement of the strips 
has the advantage that the warp¬ 
ing of one strip is counteracted by 
the warping of strip next to it. 
The core is faced with sheets of- 
plywood or laminated boards 
which are secured to core by 
being glued to it. under pressure. 
To prevent the core and the edges 
of the frame from damage, edge 
strips are fixed on all the edges. 
The edge strip consists of the 
same wood (usually harder variety) 
which has been used to face the 
two sides of the door. If only one 
layer of ply is used, it is 3 to 
6 mm. thick. If two plies are 
used, the inner one is slightly 
thicker. The inner ply or cross¬ 
band is laid at right angles to the 
core while the outer ply is laid at 
right angles to the inner ply. The 
thickness of the door is usually 
25 mm. to 45 mm. 

2. Hollow core flush door : 
Unlike solid door, the core of this 
type of door mainly consists of 
crossed wooden strips or some 
other form of grid construction. 
The width of the strips is generally 
not less than 25 mm. The edges 
of the door consist of solid wood 



Fig.I) 17 

Hollow core flush door 
and provision is made for the 
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insertion of mortice lock and fixing of hinge by strengthening the 
framework at these places. The core is finished by facing i t with 
plywood, which is glued to the grids under pressure. The hollow 
space between the grids is sometimes filled with cork, slag wool or 
other similar material for insulation purposes. These doors are light 
and economical as great saving is made in the timber used for 
forming core. 

1911 Revolving Door. Revolving door provides entrance 
on one side and exit on the other simulfaneously, keeping the open¬ 
ing automatically closed when not in use. The door is so assembled 
as to exclude the draught. Thus these doors are advantageously 
provided in places where there is a regular foot traffic of people 
entering in and going out of the building, especially when it is air- 



Fig. 19-18 
Revolving door 

conditioned or situated in a place where strong winds blow for most 
part of the year. The door essentially consists of four leaves, radially 
attach to a centrally placed muUion in a circular opening. The 
mullion or the central member is provided with ball-bearing at 
the bottom and hush-bearing at the top, so as to enable the door to 
revolve smoothly without producing jerks. The leaves and the 
mullion are enclosed in a vestibule. At their edges, the leaves are 
provided with rubber pieces which fit flexibly against the inside face 
of the vestibule. The attached leaves may be glazed panelled or 
partly glazed and partly panelled. Such doors are commonly pro¬ 
vided in hotels, banks, offices and other important public buildings. 
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19‘12 Collapsible Steel Doors. Depending upon the size 
of the opening, these doors consists of single or double shutters. The 
doors are fabricated from mild steel sections. This door essentially 
consists of vertical double diannels each 16 to 20 mm. in width and 
spaced at 10 to 12 cm apart. The channels are braced with 16 to 
20 mm. wide flat iron diagonals which allow the door open or fold. 
Two rails in the form of T-sections are fixed to the floor and lintel 



Fig. 19*19 

Elevation and details at bottom and top of an opening 
provided with a collapsible steel door 

respectively by means of anchor bolts. The door shutter slides 
over rollers mounted at its bottom and is held in position by the 
T-sections. 

19T3 Rolling Steel Doors. They are commonly used for 
show windows, stores, shop fronts and godowns etc. The door con¬ 
sists of interlocked steel slabs coiled upon a drum at the top of the 
opening. The door shutter travels in steel guides mounted at the 
sides. The door is counterbalanced by means of helical spring 
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enclosed in the drum and a hood of steel protects the drum from the 
weather. When the openings do not exceed 9-3 sq. m. in area, the 
door can be pushed up and down in the same manner as a window 
shade. For heavier doors a reduction gear and endless chain or a 
shafting gear and crank are used to operate the door. 
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Fig. 19-20 

Elevation, section and sectional plan of a swing door 

19-14 Swing Door. This type of door is generally provided 
in passages of public buildings, like offices, banks, etc. The door 
may have a single shutter or two shutters. The shutters are fixed 
with special hinge known as double action spring hinges which hold 
the shutter in closed position when not in use. Since these doors are 
pushed open, they should have a panel of glass, so as to enable the 
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users to sec fhc objects on other fide of the door to avoid accidents. 
As the springs return ^ the door with force, it is advisible that the 
glazing should be carried out with wired plate or prc»tcctcd by other 
suitable means. ^ Such doors should not be rebated at the meeting 
styles. The closing edges of the meeting styles should preferably be 
segmental. 

Windows. Windows are constructed for the purpose 
of providing light and ventilation in the structure. The transmission 
of light is effected by the glass panes while the ventilation takes 
place only when the window is open. Their size and shape is 
governed by the situation in which they arc to be built. Window 
essentially consists of two parts viz. the frame and the sash. The 
frame is fitted into the opening while the sash, which consists of 
smaller frames (for glasses), is attached to the frame proper. 
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Fig. 19-21 

Elevation, section and sectional plan of a glazed window 

19*16 Sash. A sash consists of vertical members called styles; 
horizontal members called rails and some smaller members, which 
divide the area enclosed by the styles and rails into smaller units. 


























































434 


BUtLDlSQ OONSTBUOTIOH 


These dividihg smaller members are termed as bars or sash bars. The 
'panes are cut 1*6 mm. to 3 mm. smaller in size than the size of pand 
into 'which they are to be fitted. This is necessary to permit slight 
movement of the sash due to temperature variation. Sash may be 


X — 
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rigidly fixed to the frame, hinged at the styles or it may be capable 
of sliding horizontally or may be pivoted to rotate about a vertical 
or horizontal axis. In common practice, sashes are hinged to one 
style and invariably open out so that they will be water*tight. When 
double sashes without a mullion are to 1 m Used, the meeting styles of 
^e sashes should be rebated. 
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19 17 Fanlight. The function of fanlight is to ensure cross* 
ventilation even when the door is closed. It also assists in lighting 
corridors or passages. Fanlight is fitted between the head of the door 
frame and the transome. The construction of fanlight is similar to 
that of a window sash. It may be pivoted at the centre or hung at 
top or bottom of its frame. 



Fig, 19-23 

Elevation and enlarged section of Venetian shutter 

1918 Venetian Shatter. It consists of a wooden frame in 
which the styles are grooved to receive a series of louvers which may 
be of glass or wood or any other material. The louvers arc set in the 
grooves in inclined position so that they slope downward to the out¬ 
side in order to run off the rain water and obstruct the horizontal 
vision at the same time. For economical construction the angle of 
inclination of the louvers or blades to the vertical style is mually 
45®. This type of shutter provides ventilation and light even when 
the opening is closed. They arc largely used in bathrooms and 
W.C.S. workshops, railway compartments and other public places. 
However, it is difficult to maintain them clean as the dust gets easily 
deposited on the blades. Sometimes the louvers are pivoted to the 
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frame and in addition they are connected to a vertical timber piece 
to enable them to be lifted up or pulled down in scries. 



Fig. 19*24 

Sectional plan of a bay window 

1919 Special Types of Windows. Some of the typical forms 

of windows have been describ- 



Scctiora! elevation of a clere- 
storey window 


ed here. It will be evident 
from the sketches and the ex¬ 
planations, that the windows 
have mostly been named after 
their situation in a structure. 

19 20 Bay Window. Any 
window projecting outward 
from the walls of a room is 
termed as a bay window. Bay 
windows may be square or 
polygonal on plan and are em¬ 
ployed to secure an increasd 
area of opening for admittance 
of light and ventilation. 

19‘2l Clerestorey Win¬ 
dow. This type of window is 
provided from consideration of 
beauty as well as utility The 
window is usually provided 
near the main roof of a room 
and opens above the adjoining 
verandah. The shutter of the 
window is horizontally pivot¬ 
ed and can be operated by a 
chord passing over a pulley.' 
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19’22 Dormer Window. It is a vertical window built on 
the sloping side of a pitched roof. It is used with the object of 
providing light and air to the enclosed space below the roof. 



Fig. 19-26 

View of a dormer window 


19‘23 Skylight. This is similar to a Dormer window and 
is providing in a sloping roof by cutting the principal rafters. The 
function of this type of window is to permit the room below to be 
fully lighted with natural light. The framework supporting the glass 
consists ol an arrangement of trimming piece, curb, bottom rail 
and top rail. The opening made for accommodating the skylight is 
fully treated by lead flashing, so as to ensure complete water proofing 
of the roof surrounding the opening. The sketch of the skylight is 
shown in Fig. 19‘27. 
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Fig. 19-27 

Sectional elevation of a skylight 

19*24 Corner Window. As the name suggests, this type of 
window is essentially provided in the corner of a room. The sec¬ 
tional plan of a corner window is shown in Fig. 19*28. 




Fig. 19*28 

Sectional plan of a corner window 
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19’25. Metal Windows. Metals like steel, bronze and 
aluminium are now>a-days generally used for the construction of 
metal windows. Bronze or aluminium windows can be made in any 
desired shape to suit the choice of the architect. On account of the 



Fig. 19-29 

Elevations of various types of steel windows 


high cost of material, the usage of bronze and aluminium windows is 
restricted to important works only. Mild steel windows on the other 
band are much less costlier and are extremely used. As a measure 
of economy, the manufacturers fabricate steel windows in a wide 
range of standard sections from which the windows of the required 
design can be made. These windows can be directly fixed in 
the reveals of the opening or they may be housed in the wooden 
frame. 
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In order that the windows may not be subjected to any struc¬ 
tural loads, they are only fitted when the masonry work has been 
completed and the lintel above the opening provided. To accommo- 
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Fig. 19-30 

Elevations of various types of steel windows 

date slight settlement of the masonry above, which may be due to 
weather changes, ample clearance is maintained in the joint in the 
height of jambs. 

19 26 Types of Steel Windows. Steel windows may be 
divided into various types mentioned below. The windows differ 
in shape and form by virtue of the method by which they are 
operated. Steel windows may be broadly divided in the following 
different types : 

(?) Pivoted windows. 

{ii) Projected windows. 

(iii) Horizontal rolling windows. 
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Fig. 19-31 

Elevation of various types of steel^winciows 


(?) Pivoted Window : In this form of vyindow, smaller units are 
assembled to form one unit to act as a ventilator. The window may 
be top pivoted, vertically pivoted or horizontally pivoted. 

(ii) Projected Windoio : This window is formed by uniting 
smaller units in such a way that some area of the window may be 
operated as a ventilator, which may be able to [ reject inside or out¬ 
side the fixed units of window. 

{Hi) Horizontal Rolling Window : As the name suggests, in this 
type of window provision is made for the window to roll either to the 
.left or to the right of the opening. 
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Fig. 19-32 Elevation showing metal Fig. 19-33 "Elevation showing metal 
window fixed direct to the wall of ihe window fixed in a wooden 

opening fiamc fixed inw'all 


19 27 Fixing of Steel Windows. Steel windows may be 
fixed in a wooden frame fitted in the opening or it may be directly 
fixed in the opening in brick or stone masonry, R.C.C. or steel work. 
The opening may be flushed or rebated. The window unit is never 
built as I he work proceeds, but it is always fitted in a completed 
opening left in the wall. In case the window frame is to be fitted 
directly in h*rick or hollow concrete block masonry, the position o£ 
fixing holes is marked on the jambs and the masonry holes are cut 
and fixed with lugs. In case of reinforced concrete or structural steel 
work, the holes for fixing the window frame are already left in their 
correct position in the opening. When the window is to be fitted in 
a wooden frame, the wooden frame is rebated to receive the steel 
window. The steel frame is set in the opening using wooden wedges 
and fixed to the wooden frame with galvanized screws. In case 
where the window is to be fitted to the masonry opening without 
w'oodeii frame, the steel window frame is fitted tight in the lugs 
fitted in the holes made in the opening. 
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I^ig. 19*35 

Fixing details of window shown in Fig. 19*33 
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19‘28. Advantages of Steel Windows 

. ( 

1. The cost of maintenance is nil. 

2. They are durable. 

3. Their elegant show and streamlined finishing make them 
superior to wooden windows. 






Fig. 19-3S 

Fixtures and fastening for doors and windows 
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4. Weather does not have any adverse effect on steel windows 
and unlike wooden windows they are not subjected to expansion and 
contraction of joints. 

5. When subjected to alternate dry and wet conditions, the 
-steel windows do not decay and are proof against attacks by white 
ants. 


6. They are free from hazard of fire. 

7. For providing fixed glazed area in a room, size of the open¬ 
ing can be reduced by providing steel windows without reducing the 
area for light and ventilation. 

Fixtures and fastenings for doors and windows. The 

various fixtures and fastenings used in the doors and windows are 
shown in Fig. 19-36. Some of the important fixtures are briefly 
described below. 

Hinges. The various types of hinges used in the works are: 
•butt hinge, T-hinge or cross-garnet, rising butt hinge, strap hinge etc. 
They are used for securing the door or window leaf to the frame. 

Fastenings and locks. The various types of bolts used as 
fastenings are : tower bolt, barrel bolt, flush bolt, aldrop bolt etc. 

Moulding. It consists in enhancing the appearance of a plane 
surface by forming various types of curves or patterns on the 
surface. The various forms of mouldings have been shown in the 
Fig. 19'37. 

Qjuestions for Revision 

1. Give full details of construction with neat sketches of a corner 
window of a bed room measuring 6*1 m.x4'9 m,x4-6 m. high with 38 m. 
thick \sall on all sides. The window is to be glazed with Venetian. 

2. (u) Draw a neat dimensioned sketch showing plan, elevation and 
section of a door 2/3 glazed and 1/3 panelled to fit in an opening 2*29 m. x 1*22 m 
in the wall. Assume all necessary and reasonable particulars. 

{b) Draw the sketches of the following types of doors and windows and 
state where they are generally used : 

(i) hedged and braced doors 
(it) Louvered windows 
(Hi) Flush doors 
(iv) Sky-lights. 

3. Write short notes on the following with suitable sketches wherever 
necessary; 

(i) Door frame 
(ij) Dormer windows 
(Hi) Rolling shutters 
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(/v) Swing doors 
(v) Clere-storcy windows 
(v/) Panelled doors. 

4. What are ventilators and where are they placed ? Describe with 
sketche> the different types of ventilators used in buildings. 

5. Draw to full scale plan, elevation and section of a window with 
fanlight suitable for a bed room. The window is 1*83 m wide and 1*8 m high in 
a wall 30 cm. thick. Give three half full size details to explain the construction. 

6. Describe with neat sketches any five of the following : 

(/) Battened and ledged doors 

(//) Battened, lodged and braced doors 
(;■/■/) Framed and braced doors 
(hO Framed and panelled doors 

(v) Glazed and sash doors 

(vi) Rolling shutters 
(r/;) Revolving shutters 
(V//7) Collapsible steel doors. 

7. Design a wooden window fully glazed for a hospital building, 3 m. 
wide and 183 m. high with shutters side-hung 1-22 m. high and ventilators 
fO cm. high centrally pivoted. Draw sketches of the cross-section showing 
dimensions of members and their names. Describe by sketches details of 
joinery. 

8. Write short notes on the following with suitable sketches wherever 
necessary ; 


(/) Windows 
(iV) Sashes 
(Hi) Fanlights 
(/v) Venetian shutters 
(v) Bay windows 
(v/) CIere*storey windows. 

9. Draw to 1 m. scale, plan, elevation and section of a French window 
opening out of a bed room on to an open terrace. The size of the opening is 
2 4 m. X1-52 m. and the wall thickness is 30 cm. The bedroom floor is 3 cm 
higher than the terrace to prevent water getting in. Give full size detail through 
head, jambs and bottom rails of French window. 

10. Draw sketches to show the fixing arrangement of metal windows t» 
wooden frames or metallic sub-frame. Sketch the various standard shapes of 
the windows manufactured in India these days. 

11. Draw to 1 :100 scale, the plan, elevation and section of a door 
suitable for the front entrance of a cottage. The door is 1*22 ra. x2‘13 m. Give 

three half full size details to explain the construction. 

12. Write short notes and give suitable sketches for any four of the 
following and mention where they are used in the building : 

(o) Barrel bolts 
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if}' Venetian shutters 
(c) Glass bricks 
{d) Collapsible steel gates 
(«) Rolling shutter. 

13. What are the special types of doors and windows used fti modern 
public buildings ? 

Neatly sketch a wooden door one-third panelled and two third glazed, 
the size of the door being 2-29 m.x2’l J m. 

14. What do you understand by seasoned timber ? Describe common 
defects in wood work in chowkhats and shutters and state what precautions you 
will take to avoid them. 

Give a sketcii showing fixing of a door ‘chawkhat’ in the wall, 

15. Draw to a suitable scale an entrance teak wood door 1‘22 m. wide 
and 2*44 m. high, in a 60 cm. thick wall with stone facing and brick backing and 
with yellow basalt cut-stone steps. The height of the first-floor is 3*35 m. Draw 
little more than half the plan, elevation and cross-section through the doorway. 

16. Draw neat sketches to illustrate a 4 cm. thick fully penciled door 
to fit into an opening 210 cm. by 120 cm. and the method of fixing it in or 14 
brick wall. Name the different parts of the door. Show details of any one of 
the canpentry joints. 
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201 Definition. Roof is a covering comprising of roofing 
material supported on structural member, which is provided over 
the top of a building or other similar structure. Tts function is to 
protect the building from the effect of rain, sun and wind. In select* 
ing a roof for a structure, in addition to the weather effects, due 
consideration is paid to the length of span, weight of the roof itself, 
heat insulation, lighting and ventilation, etc. 

20 2 Types of Roof. There are two main types of roofs used 
in modern construction, namely, pitched or sloping roof and flat 
roofs. These types will be dealt with separately in this chapter. 

203 Pitched Roof. It is the most common form of roof and 
is generally regarded as the cheapest alternative for covering a 
structure. Pitched roofs are almost always constructed in wood or 
steel. Steel pitched roofs have been described in the chapter 
“Structural Steel Works”. Wooden pitched roof consists of a system 
of joists, rafters and purlins arranged in the form of a triangular, 
shaped support known as truss. The lower ends of the rafters rest 
upon the wall plates and at their upper end they are connected to a 
common ridge piece. 

The slope of the roof varies according to the span, the climatic 
conditions of the site, the nature of the covering material and other 
similar factors. 

20'4 Technical Terms. The various technical terms used 
in timber pitched roof construction are given below : 

(1) Span : The clear distance between the supports of an arch, 
beam or roof truss. 

(2) Rise of Roof : It is the vertical distance between the wall 
plate and the top of the ridge. 

(3) Pitch of Roof : The inclination of the sides of a raof to the 
>’ horizontal is termed as the “pitch of the roof”. 

(4) Eaves : The lower edge of the inclined roof surface of a 
pitched roof is termed as eaves. 
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(5) Bidgt : It may be defined as the apex of the angle formed 
by the termination of the inclined surfaces at the top of a slope. 

(6) Ridge Piece, Ridge Beam or a Ridge Board : It is a horizon¬ 
tal timber piece provided at the apex of a roof truss. The common 
rafters are fixed to this piece and are supported by it. 

(7) Valley : It is the acute angle or a gutter formed by the 
intersection of two slopes in a pitched roof. 



Fig. 20* 1 

(8) Hip : It is a ridge formed by the intersection of two sloped 
surfaces having an exterior angle greater than 180^. 

(9) Hipped end : It is a sloped triangular surface formed at the 
end of a roof. 

(10) Oable : It is the triangular portion of the end wall of a 
sloped roof, formed by continuing the end wall up within the roof. 
Thus the gable end has two slopes with ridge in between. 

(11) Verge : The edge of sheets, slates or tiles, ■ • projecting-; 
beyond the gable end of the sloped roof. 

(12) Barge Board : It is a timber board used to hold* the com^ 
mon rafter forming verge. 

(13) Eavee Board or Facia Board : It is a wooden plank usually 
25 mm. thick and 15 cm. wide fixed along the eaves connecting the 
feet of the common rafters. 
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(14) Common BafUTs ‘ These are inclined wooden members laid 
from the ridge to the caves. They are bevelled against the ridge piece 
at the head and are fixed to the purlins at intermediate points. They 
are usually spaced 30 to 45 cm. apart. 

(15) Purlins : These are horizontal members of wood or steel, 
used to support common rafters. 

(16) Cleats : These are short sections of wood or steel, nailed, 
screwed or bolted to the rafters of the truss for supporting purlins. 

(17) Wall Plates : Timber pieces, which are provided over the 
top of a stone or brick wall for the purposes of fixing the feet of the 
common rafters. 

(18) Template. : This is a block of stone or masonry provided 
under the end of tie beam to spread the load from the roof over a 
larger area of bearing. 

(19) Hip Rafters : These are the rafters which form the hip of a 
sloped roof. These rafters run from the rkJge to the corners of the 
walls to support the covering over the hip. They also receive the 
end of purlins and jack rafters. 

(20) Jack Rafters ; These arc rafters shorter in length which 
extend from hip or valley to the eaves. 

(?1) VaUey Rafters : These are the rafters provided at slope to 
support the valley gutters. 

(22) Post Plate : This is similar to a wall plate with the only 
difference that it is run continuous, parallel to the face of wall, over 
posts and supports the rafters at their feet. 

(23) Battens V^Small scantlings which are nailed to the rafters 
for laying tiles, over the sloped roof. 

(24) Boardings : These act similar to battens and arc nailed to 
the common rafters for laying roofing material above it. 

The various types of pitched roofs are described below : 

20‘5 Lean to Roof. It is the simplest type of pitched roof 
consisting of rafters sloping on one side only. At their upper ends 
the rafters are nailed to the wooden wall plates, placed on corbel 
which may be of stone, brick or steel. The lower end of the rafters 
is notched and nailed to the wooden post plate. The post plate 
consists of a timber section running parallel to the wall and 
supported by posts which may be of wood, brick or stone at inter- 
m^iate points. Battens spaced at 15 cm. centre to centre are nailed 
to the inclined rafter and upon this the covering material is laid. The 
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span for lean to roof is restricted to 2’44 m. and as such it is com¬ 
monly used for covering verandahs, out-houses, sheds, etc. 



Fig 20-2 
Lean to roof 


20'6 Coupled Roof, Coupled roof is formed by a pair o^ 
inclined rafters with their upper ends nailed to a common ridge piece 



Fig. 20-3 
Coupled roof 
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and their lower ends, notched and nailed to the wooden wall. plates- 
embedded in masonry on the top of the walls on either end. The 
rafters are spaced at suitable intervals and the battens are nailed on 
their top. Upon the frame work thus prepared roof covering is laid. 
This type of construction is suitable for spans upto 3*66 m. where the 
loading conditions are of ordinary nature. 

20’7 Couple-close Roof. In a coupled roof the notch pro? 
vided at the feet of the rafters prevent them from spreading. If the 



Figs. 20'4—20*5 

DifTerent forms of couple-closed roof 



Fig. 20-6 

Couple-closed roof with a king rod 
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span of the roof is increased or the loading on the truss is increased 
gradually, it will be found that at a certain stage the notch will be 
incapable of resisting the thrust at the end of the rafters and the 
roof will collapse. Thus, to prevent this, the feet of the rafters are 
jointed by a tie, which, by holding them in position, prevents them 
from spreading and thrusting out of the wall. This is called a couple 
closed roof. With ordinary loading conditions this type of roof can 
be used upto 5 m. span. For increased spans a vertical rod is intro¬ 
duced between the ridge piece and the centre of the tie. This rod 
is termed as king rod and its function is to prevent the tie from 
sagging. 




Collar and scissors roof 

20‘8 Collar Roof. With excessive loading conditions or 
increased spans the rafter of the couple closed roof tends to bend in 
the middle. This defect is overcome by fixing the tie near the middle 
of the rafters. This is called collar roof. Thus collar roof is similar 
to couple>closed roof with the only difference that the tic instead of., 
being placed at feet of the rafters is raised up. The tie in collar 
roof is termed as a collar beam. In this type of roof a part of the 
roof space can be utilised, as the ceiling can be attached tc the 
collar beams and the exposed faces of the rafters. 

20 9 Scissors Roof. As the name suggests the roof is shaped 
so as to have the appearance of a scissors. It is similar in function 
to collar roof. The truss has been shown in Fig. 20 8. 



456 


BiriLDINO COB8TRUOTIOH 



Figs. 20-9-20-10 
King post roof truss 
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20*10 King Post Roof Truss. It is a form of roof truss which 
is commonly used for spans varying from 5 m. to 9 m. It consists 
of a frame work, comprising of tvio principle rafters, one tie>beam, 
two struts and a king post. The trusses are spaced not more than 
3 m. centre to centre. 

The trusses are connected to each other through purlins which 
are placed at right angles to the sloped rafters and are secured to 
them through cogged joints and cleats. The purlins also support 
the common rafters upbn which roof covering is laid. In order to 
distribute the concentrated load due to the truss at its end, templates 
or bed blocks of stone or concrete provided under the end of the 
beam bearing on the wall. 

20*11 Jointing of King Post Truss 

(t) Joint between the principal rafter and tie-beam : At the feet, 
the principal rafter is jointed to the beam by a “.Single abutment end 



Fig. 20-11 

Joint between the principal rafter and tie-beam 

tenon joint” or by a “bridle joint”. In the former, the abutting end 
is made at right angles to the length of the rafter to ensure direct 
thrust. In bridle joint, the principal rafter is bridled over a tenon 
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formed on the tie-beam. The joint may be further strengthened 
by a wrought iron heel strap, wound round the joint. If it is. 
necessary to lengthen the tie-beam, a scarf joint is used. 



Fig. 20-12 

View showing joint at the feet of king post 

(it) Joint bf.tween the king post and tie-beam : The king post is 
provided with splayed shoulders and feet and is tenoned into the tie- 
beam. The joint between the king post and the tie beam is further 
strengthened by wrought iron or mild steel strap. The stirrup 
strap is taken round the joint and is held up by metal pieces, clips 
and wedges termed as “gibs and cotters’*. 

(Hi) Joint at the head and feet of rafter : The foot of each strut is 
connected to the splayed foot of the king post, by an oblique mortise 
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Fig. 20-13 

View showing joint at the head of the king point 
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and tenon joint. At their heads the struts are housed and tenoned 
(the shoulder abutment of the struts being cut to a vertical plane) 
in the principal rafters. 



Fig. 20-14 

Gibs Cotters and view of three-way strap 

{iv) Joint bettveen the principal rafters and the king-post : The 
principal rafters at their heads are housed in the splayed shoulders of 



Fig. 20'15 

Joint at purlin point (cleat is not shown in the sketch) 
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the king post. The joint is further strengthened .by “three-way’* 
straps bolted on each face of the frame. 

20T2 Q,aeen Post Truss. For spans greater than 9 m. and 
less than 14m., queen post truss is commonly used in timber roof 
construction. It may be defined as frame-work consisting of two 
principal rafters, two queen posts, one straining beam, two inclined 
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struts and a straining sill. It differs from the king*post trass in 
having two vertical tension members called queen posts. The heads 
of the queen posts are strutted apart by a horizonal memBier termed 
as straining beam. The straining beam receives the thrust from 
the head of the principal rafters and keeps the junction stable. The 
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Fig. 20-17 

queen posts have single splay shoulders at their feet to receive the 
struts. The thrusts from the two struts tend to force the feet of 
queen posts inwards which is combinedly resisted by the tension 
joint between the tie beam and the queen post feet and the straining 
sill fixed between feet of the queen posts. 

The various joints in this truss are similar to that of a king 
post truss with the exception of joints at the head and feet of the 
queen post which have been described below. 

^ (i) Joint at the head of (pieen post : This junction is formed bv 
meeting of two compression members, t.e. principal rafter and the 
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■straininj? beam and a tension member, i.e. the queen post. The 
head of the queen post is made wider to receive the two members. 
The head of the principal rafter and the end of the straining beam 



Fig. 2018 

View showing joint at the head of queen post 


are tenoned into the widened head of the queen post. The joint is 
further strengthened by fixing a three-way, wrought iron or mild 
steel strap on each face of the joint. 

(ii) Joint at the feet of queen post : The splayed shoulder of the 
queen post receives the tenon of the inclined strut forming a single 
abutment and tenon joint. The queen post itself tenons into the tic 
beam. This joint is further strengthened by wrought iron or mild' 
steel stirrup strap held by gibs and cotters. 

When it is desired to use wooden trusses beyond 14 m. rpan, 
the queen post truss is further modified by introducing one or more 
upright member called princesses. Diagonal bracing between the 
queen post and the ends of the tie beams is necessarily done as a 
rule. This type of frame-work is suitable for spans upto 18 m. 


Ifl 





Fiff 20'20 

View showing joint at the feet of ,ueen post ° of'l",rn“s"'"® “ 
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2013 Mansard Truss. With the introduction of steel 
trusses, the Mansard roof truss is rarely constructed. The truss has 
two pitches, the lower varying from 60 to 70® and the upper from 30 
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Fig. 20-21 

to 40 This truss is more or less a combination of king post and 
queen post trusses. The upper truss is shaped exactly to a king post 
truss while the lower truss resembles queen post truss in all respects 
except that the vertical upright members which (may be called as 
queen posts) are placed almost near the end of the tie beam. This 
type of truss provides economy in space and cost, but because of its 
ungainly appearance, its use has become more or less obsolete these 
days. 


20*14 Composite Roof Trusses. Trusses built with the 
combination of wood and steel are termed as composite trusses. In 
this combination, advantage is taken of the high tensile strength of 
steel. In the frame-work the tensional members are usually replaced 
by steel rods. The various types of composite trusses are shown in 
Figs. 20 22—20-24. 

2015 Flat Roofs. With the introduction of suitable building 
materials, flat roof construction has almost replaced the pitched 
roof type. Flat roofs may be constructed in reinforced concrete flag 
stone supported on R.S.J., bricks, concrete or tiled arches* eta 
Although flat roofs arc difficult to construct and expensive in cost. 
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Figs. 20*22—20*24 

Different forms of composite roof trusses 

yet keeping in view its various advantages flat roofs are commonlv 
constructed these days. . , ' 
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Fig. 20-25 

Details of joints at various noints of trusses 
shown in Figs. 20'22—20*24 
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Advantages of fiat roof : 

—fl) The roof can be conveniently used as terrace for playing, 
gardening of sleeping purposes. 

(2) It is easy to render flat roof fire resistant. 

^ (3) It avoids the enclosure of the triangular space. 

(4) It has good insulating properties. 

(5) In this age of steel and reinforced concrete structures, the 
construction of flat roof is considered more simpler and architectur¬ 
ally suitable. 

In a muhi-storeyed building, flat roof is considered to be 
the best choice. 

' (7) Pitched roofs require greater area of roofing material than 
flat roots. 

Disadvantages of fiat roof ; 

(1) Their span is restricted and as such they cannot be used for 
large spans without the introduction of intermediate columns and 
beams. 

(2) Self-weight of the flat roof is considerable which makes the 
construction more expensive. 

(3) Flat roofs are exposed to sun and are subjected to violent 
temperature changes, which may lead to cracks in the surface of the 
roof. 

(4) The leak in a flat roof is diflicult to trace and rectify. 

(5) Its initial cost is much more than that of a pitched roof. 

‘-(6^ Progress of construction of a flat roof is slow as conipared 
with that of a pitched roof. 

The different types of terrace roofing are described below : 

20*16 Mad Terrace Roof. 'This type of roof is extensively 
used in places where rainfall is less. This is the cheapest fonn of 
roof terracing and is fairly water-tight. The terracing is made ’with 
white earth mud containing large percentage of sodium salts. The 
mud terrace roof commonly constructed in Punjab is described 
below. 

The roof in this case consists of j^T-section 50 mm.xSO mm. 
X6 mm. spaced at 32 cm. centre to centre and supported on R.S.J. 
beam of the designed sections. The rolled steel joists, span along 
the width of the room and are spaced at suitable distance apart. 
Well burnt tiles measuring 30 cm. X 30 cm. x 5 cm. or 30 cm. 
Xl5 cm. x5 cm. are placed between the flanges of the T-sections. 
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and are set in lime mortar. A 15 cm. thick layer of stiff mud made 
from good white earth containing large percentage of sodium salt 
is then laid over the tiles. The layer is continuously beaten till the 
surface becomes hard and the beater rebounds when struck upon it. 
The surface is then plastered with mud cow-dung plaster and finally 
finished with cement cow-dung plaster 1 : 4 (1 cement J 4 cow-dung). 
To drain off rain water, the terracing is given a slope of 1 in 30. 

In Maharashtra State and Madhya Pradesh, the mud terrace 
roofing is coAstructed as described below. 

Teak wood boards 4 to 5 cm thick are nailed on the top of 
wooden joists of the designed section spanning along the width of 
the room. A 2*5 cm. layer of wood shaving is spread over the 
boards and cov’ered with a layer of well burnt bricks laid on edge 
and set in lime or mud mortar. This layer is further covered with a 
8 to 10 cm. thick layer of mud which is beaten hard. The mud 
layer is finally covered with 2’5 cm. thick layer of white earth 
containing large percentage of sodium sats. This top layer has to 
be renewed once or twice a year. 

20*17 Brick Jelly or Madras Terrace Roofing. It consists 
of a course of thoroughly burnt terrace bricks 15 cm. X 8 cm. 

X 2 cm. laid on edge in lime mortar 1 : 1J (one lime : 1J sand) 
diagonally across the joists of the timber roof. The bricks used are 
immersed in water 24 hours before use and the thickness of joint is 
kept 10 mm. After the bricks arc completely set a 10 cm thick layer 
or brick concrete : I is laid over brick on edge course and beaten 
down to 7 6 cm. thickness by wooden hand beaters. The beating 
is continued till the beater makes no impression on the concrete and 
gets readily rebound by the surface when struck upon it. The 
whole Mirface is then cured for about a week by sprinkling lime 
water. After the concrete has set, three courses of Madras flat tiles, 
15 cm. X 10 cm. X 12 mm are laid in lime mortar 1:1^. The thick¬ 
ness of the joints should not exceed 6 mm. and the vertical joints 
should be broken. The joints of the top layer are left open to afford 
a key for the plaster. This top surface is then plastered with three 
coats of lime mortar and finally rubbed to a polished surface. The 
roof is usually laid to a slope of 1 in 36. The slope of the roof is 
given to the joists themselves and not by increasing the thickness of 
terracing. 

. 

20*18 Mud Phuska Terracing with Tile Paving. This type 
of terracing is commonly adopted in Delhi over R.G.C. roof slab or 
jack arch roofing. It ensures thermal insulation and waterproofing 
of roof. The construction of terracing is described below : 

Well selected earth, mixed with straw and water, is allowed to 
rot for 3 to 4 days. During this period, this mixture of earth is 
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worked with feet or phawras at intervals so that the mixture gets 
pugged into a homogeneous mass. The layer of mud thus formed is 
laid in thickness of 8 to 10 cm. over the roof slab and is well 
consolidated. The surface is given a slope of 1 in 30 to 1 in 48 to 
drain off rain water. When the surface gets somew’hat dry it is 
plastered with a 13 mm. thick coat of cement cow*dung plaster 
mixed in proportion of 1 : 3 (one cement : 3 cow-dung). Tile bricks 
of the specified size are then laid flat on the green cement cow-dung 
plaster and ground with cement mortar 1:3. The terracing is cured 
for at least seven days. ^ 

20T9 Roof Covering. It is a material covering provided 
over the form-work of roof structure to act as a barrier for the rain, 
sun, wind or other such elements. The section of the covering 
material depends upon various factors such as availability of material, 
its initial cost and cost of maintenance, appearance and durability 
etc. There arc various types of roof coverings and the ones which 
are commonly adopted in India are given below : 

(1) Thatch covering 

(2) Shingles 

(3) Tiles 

(4) Asbestos-cement sheets 

(5) Galvanised corrugated iron sheets 

(6) Slaies 

20‘20 Tliatch Covering. This form of roof covering is 
largely used in low cost houses and villages. It is suitable for rural 
areas mainly because it is the cheapest form of covering and is simple 
in construction. The frame-work for supporting the thatch consists 
of round bamboo rafters spaced at 30 cm. apart and tied with split 
bamboos laid at right angles to the rafters. The thatch is tightly 
secured to the frame-work with the help of ropes or twines dropped 
in tar. For adequate drainage of rain water, the thatch covering 
should be at least 15 cm. thick and laid with a minimum slope of 
40®. Thatch is combustible, absorbs moisture and is liable to rot or 
decay. It harbours rats and the bad smell of rotting material 
makes it difficult to stay under the roof. On account of these 
defects, thatch covering is never allowed in good work. 

2021 Sliingles. The use of shingles is generally restricted to 
hilly areas where wood is easily availabe at low cost. Wood shingle 
cut from well seasoned timber is laid in a similar manner as slates 
and tiles. Shingles are obtained in lengths varying from 30 cm. to 
38 cm. and in widths varying from 6 cm. to 25 cm. Generally two 
courses of shingles are laid at the eaves. 



BOOTS AND BOOT COTBBINGS 


471 


20*22 Tiles. The tiles are named according to their shape 
and pattern and are martufacturcd in somewhat similar manner as 
bricks. The commonly used tiles are : Flat pan tiles ; Half round 
country tiles ; Mangalore tiles, Qjuilon and other similar tiles. 
Tiling is one of the oldest methods of roof covering but with the 
introduction of asbestos cement sheets, their use is gradually declin¬ 
ing day by day. The method of laying of a few types of tiles is 
given below ; 

(а) Flat or curved pan tiles and Half-round country tiUs : For 
laying the tiles the ground work consists of battens nailed to the 
common rafters of the pitched roof. The common rafters are usually 
spaced 22 to 30 cm. apart and battens are fixed to the rafters at 
6 cm. centre to centre. The tiles are laid with sufficient overlap. 
Ridges, hips and valleys are formed with specially nioulded tiles 
exclusively meant for the purpose. The last row of tiles laid near 
the eave, ridge, valley or hip is set in lime mortar. In order to 
avoid danger of water leaking through the valleys, lead flashing is 
sometimes done. 

(б) Mangalore or Corrugated Tiles : In ordinary works, the tiles 
.are laid on battens but for a sperior type of construction they arc Imd 
on boardings, covered with protective coat of tar or felt. Boarding 
is directly nailed to the purlin and tiles are laid on battens nailed on 
the boarding. In this case too, the ridge, valley and hip tiles are 
moulded into special shape. Ridge and hip tiles are laid dry and 
finally painted with cement mortar. 

20*23 Asbestos-cement Sheets. Asbestos cement is a 
material obtained by the combination of cement with about 15 per 
cent of asbestos fibres. The sheets made out of this material are 
light, cheap, impervious, durable and fire resisting. It does not 
require any protective paint and cannot be eaten away by the 
vermin. On account of these properties, asbestos cement covering is 
commonly adopted as a roofing material for factories, workshops, 
offices, garages, generating stations and residental jDuildings. Tl^ two 
different types of sheets commonly used are “Big six” and “Trafford 
sheets. These sheets are available in 2 to 3 m. length. ^ /< ^ ' 

20‘24 Fixing of A.C. Sheets. The following points should 
be carefully noted while fixing A.C. sheets. 

(1) The sheets should be laid with smooth side upward and 
the end'marked “Top” pointed towards the ridge. 

(2) They are usually laid with an end lap of 15 cm, but this 
lap can be slightly varied to suit the purlin spacing. 
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Fig. 20-27 

Side lap for “Bix six” sheets 



Fig. 20*28 

Side lap for “Tralford” sheets 



(4) The holes for fixing accessories must be drilled and not 
punched in the crown of the corrugations. 
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(5) The diameter of the hole should be 3 mm. greater than the 
diameter of the screw or bolt to be used. 

(6) 8 mm. diameter hook bolts, crank bolts or coach screws are 
then inserted in the 11 mm. diameter drilled holes and screwed 
lightly. A bitumen washer must be provided under G.I. flat washer. 
When 10 or 12 sheets have been laid, the nuts of the screws or bolts 
are screwed tight. The screws or bolts on purlin are not screwed 
very tight. 
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Fig. 20-29 

Different forms of bolts and screws used for fixing A,C. sheets 

(7) Ridge cappings should preferably be secured to the ridge 
purlin by the same kind of bolts which are used for fixing sheeting. 
“J” bolts should be used for angle purlins and crank bolts should 
be used for purlins made up of timber, rolled steel joist, channel 
etc. Coach screws may be used for timber purlins. 

(8) Mitre (cut) is necessary to avoid gaps where four sheets 
meet at a lap. 

(8) {a) In “Big six” sheets mitre may be defined as a cut 
formed at the required corner by cutting the corner of the sheet 
for a length of 15 cm. or the length of end lap whichever is more 
along the vertical edge and for a width equal to 5 cm. or length of 
the side lap whichever is more along the horizontal edge of thfer 
sheet. 


(6) In Traflford sheets, mitre may be defined as a cut formed 
at the required corner by cutting the corner of the sheet for a length 
of 15 cm. or the length of the end lap whichever is more along the 
vertical edge and for a width equal to the width of one corrugation 
along the horizontal edge of the sheet. 
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(10) The unsupported overhang of the sheets at the eaves- 
should not preferably be more than 30 cm. 



Fig. 20-30 

Part-plan showing laying of A.C. sheets from left to right 


20‘25 Laying of Big Six Sheets. Sheets may be laid from 
left to right or vice versa, preferably laying should commence ai; the 
end opposite to the dir.ection of the prevailing wind. The process of 
laying Big six sheets from left to right is described below : 

The laying of sheets is started at the eaves. In the first row or 
in the eaves course, first sheet is laid uncut while the remaining 
sheets have top left-hand corners mitred. In the second or inter¬ 
mediate rows ; the first sheet in each row has bottom right-hand 
corner mitred while the other sheets have both top left-h^and and 
bottom right-hand corners mitred. In the topmost row, all the sheets 
except the last one have bottom right-hand corners mitred. The 
last sheet is laid uncut. 

If the sheets are laid from right to left, the whole procedure 
will be reversed. 
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Fig. 20-31 

Part plan showing laying of A.C. sheets from right to left 


20*26 Galvanized Corrugated Iron Sheets. Ordinarily* 
22 gauge sheets are extensively used as roof covering material in 
factories, workshops, generator sheds etc. The sheets arc generally 
not laid at a slope ^tter than 1 in 4. These sheets are durable, 
fire-resistant, light in weight and require no ^maintenance. The 
purpose of corrugation is to give the thin sheet additional strength. 
Sheets are galvanised to protect them from rusting action of weather. 
The sheets are laid with end lap not less than 15 cm. and side lap • 
varying from 1^ to 2 corrugations. The sheets should be fastened 
above eaves by 25 mm.,X 6 mm. flat iron wind ties. The holes in 
the sheet crowns may be drilled or punched. But when four sheets' 
overlap at corners, the holes should be drilled and not punched. 
The sheets are. secured to the purlins by means of galvanised iron 
hook bolts, screws and nails etc . with curved washers. 

20*27 Slates. The stone used for slate roof covering is 
obtained from sedimentary rocks of limestone or sandstone. It is 
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Fig. 20-32 

Detail showing the arrangement of fixing A.C. sheets at the eaves 

level of a steel truss 



Fig, 20-33 

Details showing A.C. sheet covering for a North light roof truss 
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Fig. 20-32 

Detail showing the arrangement of fixing A.C. sheets at the eaves 

level of a steel truss 



Fig, 20-33 

Details showing A.C. sheet covering for a North light roof truss 
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Fig. 20-34 

Details showing the arrangement of fixing A.C. sheets 
at the crown of a steel truss 


seldom confused with the slate obtained from mctamorphic rock. 
Stone slates vary considerably in size, shape and weight. They 
form the most durable roof covering material, But in India it is.. 
rarely adopted. The common sizes of slates vary from 60 cm x 35“ 
cm. to 25 cmxl2 cm. The thickness of the regular sizes stone 
slate varies from 1*6 mm. to 4*8 mm. for small size slates and 16 
mm. to 13 mm. for bigger size slates. The slates may be fixed on 
the battens fixed on timber rafters, or they may be laid on wooden ■“ 
boarding fixed on the roof framework. The slates are secured to 
the base .which may be of battens or boarding, through nails of zinc, 
copper or galvanised iron. 

Q,aestions for Revision 

1. What are the various types of roofs commonly used in India 7 Des 
cribe each stating clearly the distinction between the different types. 
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2. Draw to a scale of 1:25 a lean to roof over a verandah 3 m. wide and 
7‘32 m. long, with 60 cm. high plinth. The timber roof is to be supported by 
35 cm.x35 cm. piers and covered by Mangalore tiles. Draw half full size detail 
■at the eaves and at its junction with the main wall, which is 35 cm. thick. 

3. Write a detailed note on the different types ^ the roof covering for 
pitched roofs which are generally used in India. Describe^the method of laying 
and fixing them with the aid of sketches. 

4. Define the following terms as used in pitched roof construction ; 

(i) Pitch of roof. 

(fi) Hipped end. 

(iiY) Ridge. 

(iV) Gable. 

(y) Eaves board. 

(v/) Template. 

(vii) Valley rafters. 

(viiV) Boardings. 

5. Sketch neatly large views to show details of the following : 

(а) The joint at the junction of the principle rafter with the tie-beam 
of a limber queen post roof truss. 

(б) The joints at the junction of principal rafter, head of queen post 
and the straining beam. 

6. A workshop building of floor area 46 m. x 12 m, has to be roofed over 
fiy asbestos cement sheet roofing. Show by free hand sketches the genera] 
arrangement of colums, trusses and roof coverings, wind ties and gutters for 
drainage assuming suitable dimensions. Height of columns is to be 6 m. above 
BTOund level. 

7. Write short notes on : 

(i) Lean-to-roofs. 

(lY) Ck>upled roofs. 

(iii) Coupled-close roof. 

(/v) Collar roof. 

(v) Mansard roof truss. 

(y/) Composite roof trusses. 

8. A 3 m. wide corridor, 9 m. long, connecting a school building with 
its physical training hall is to be covered with Mangalore tiled roof. The plinth 
is 30 cm, high and the roof is supported on brick piers. Draw the plan and 
■cross-section of the corridor to a scale of 1 : 50 and give quarter full size details 
of the roof at its junction, with the pier, showing also the eaves. 

9. (a) Write a short note on the several types of flat roofs smd add 
sketches to illustrate their construction. 

(b) It is proposed to provide Madras terrace over an apartment 12 m. x 
6 m. as only teak wood is available for use as beams and joists in a certain 
locality. 

Draw longitudinal section and cross-section of the apartment to illustrate 
your design for its construction. 
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10. A bungalow has a drawing room measuring 4‘88 m. x7*32 m. which is 
•covered with a pitched roof. Draw the plan and cross-section of the roof to a 
scale of 1; 25 and give sizes of the scantlings used. 

11. Write short notes on any four of the follow ing ; 

(/) Laying of asbestos-cement sheets. 

(if) Laying of Mangalore or corrugated tiles. 

(i7/) Thatch covering. 

(iV) King post roof truss. 

(v) Queen post roof truss. 

(v/) Mansard truss, 

12. A hall 8 m. x 16 m. is required to be roofed over with Mangalore tiles 
ton king post truss. The trusses are spaced at 3 m. centre to centre, and are 
supported on 30 cm., thick walls on either side. Draw detailed sketches, for the 
•following: 


(/) Junction of tie beam with principal rafter. 

(ff) Arrangement of fixing the truss to the wall supports. 

(i/f) Joints between the principal rafters and the king-post. 

(fV) Joints between the king-post and the tie beam. 

13. Draw to a scale of 1 : 25 of a roof truss over 6 m. span and suggest 
4he scantlings which in your opinion you consider suitable. The side walls are 
20 cm. thick in brick and roof is to be covered with Mangalore tiles. 

14. A hall 10 m.x20 m. is required to be roofed over with asbestos 
•cement sheeting on queen post truss. The trusses are spaced at 3 m. centre to 
centre and are supported on 40 cm. thick brick walls at either end. Sketch the 
following details: 

(f) A lay-out plan indicating clearly the position of trusses. 

(lY) A sectional elevation and section of the queen post truss with 
suitable sizes of the scantlings. 

(fiY) Joints at the head of queen post. 

(iV) Joints at the feet of queen post. 

15. An assembly hall 10 m.x30 m. is to be roofed" with Mangalore tiled 
roof over wooden trusses, rafters ete. Sketch the type of truss you would pro¬ 
pose, and show in detail with dimensions any three joints in the proposed truss. 

16. (a) What type of roof will you suggest for a room 4‘80 m. by 7'20 m. 
■at a place where rainfall is over 180 cm. a year ? Qive reasons for your choice. 

Either 

(b) If you select a pitched roof, draw a cross-section of the truss and 
purlins etc., showing approximate sizes of the members and joints between 
members. 


Or 

If you recommend a flat roof, how will you lay it and what precautions 
will you take to make it leak-proof. 

(A.MJ.E. May 1967) 
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17. (o) A queen-post truss of timber is to be made for a span of 12 m. 
You have 20 cm. x 13 cm. timber, 6*5 m. long only. Draw a neat sketch of the 
lengthening joint you will provide in making the tie beam. 

(b) A lean-to roof with Mangalore tiles is to be provided for a verandah 
3 m. wide. Draw a neat sketch of the roof showing clearly aU the relevant 
details. 

iA.M.I.E. May 1968) 

18. Thereof of a theatre consists of steel trusses of clean span 16 m. 
placed at 3 m. centres. It is covered over with cement asbestos sheets on angle 
iron purlins and the celing is of celotex' sheets. Drav^ a section showing the 
details of the truss, roof cover and ceiling. GiVe larger scale sketches shov^ing 
the details of wall supports, ridge and joint of truss. Note the dimensions of all 
the members. 

{A.MJ.E. Nov., 1968) 

19. Show the construction details of a cycle-stand, for keeping 100 cycles. 
How will you provide protection from sun, wind and rain ? What factors will 
have to be taken into consideration if the cost is to be minimum. 
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Structural Steel Work 

21 1 Shapes of Stractnral Steel, The cross-sectional 
properties of a member are identified by its shape. The various 
names given to the members of different shapes are Angles ; 
T-scction ; I-section ; Z-section ; Channels ; H-section and so on. 

Each shape has its particular use in steel structures. The various 
Sections are fabricated from white hot steel by passing it through 
Tolling mills or other machines. An angle section is named by 



Fig. 211 

Different shapes of structural steel section 


writing the two leg lengths and the thickness of the plate forming 
the angle. An equal angle-section having length of its each leg 
as 8 cm. and its thickness equal to 12 mm. will be written thus : 
80x80x12 mm. In case of I-section, the depth of the section is ‘ 
written first. Thus an I-section weighing 34*2 kg/m. and having 
a depth equal to 200 mm. and flange width 100 mm. will be written 
as 200 mm. X 100 mm. X 34*2 kg./m. Similarly, the other shapes of 
steel sections are named by writing their dimensions and weights. 

21*2 Rivet*. The sections used in steel structures are 
connected to each other by riveting or bolting. Welding is an 
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alternative method of connecting the structural sections. The 
various forms of riveted connections are shown in Fig. 21’2. 
The rivet is rendered soft by heating and then it is placed in the 
rivet hole. The shank extends out of the prepared rivet hole and 




Fig. 21-2 

Riveted connections 

the extended part of the shank is given the shape of a second head 
by riveting machine. The usual form of rivet head which is cup¬ 
shaped in appearance is termed as snap head. Thus the snap head 
always extends out from the face of the plate riveted. In case it is 
desired to have the second head flush with the plate or member to 
be riveted, counterunk head is employed. The two different types 



Fig. 21-3 

Different forms of rivet heads 

of heads arc shown in Fig. 21*3. Depending upon the nature 
of connection, the rivets may be subjected to single shear or double 
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shear. In single .shear, one cross-sectional plane of the rivet is 
subjected to shearing action while in double shear, two cross-sectional 
planes of the rivet are subjected to shearing action. The strength 
of rivets subjected to single shear and for the one, subjected to 

double shear is given by tonne and ^ tonne respectively. 


Following important rules are observed in designing the riveted 
connections : 


i 




o 

o 


ooioo 

oojoo 

ooioo 


o 

o 




3 


Fig. 21-4 

Plan and sectional elevation of a riveted connection 

(1) The centre to centre distance between the rivets should 

never be less than three times the nominal diameter of the rivet. 

(2) The maximum centre to centre distance between the rivets 
should never exceed the following : 

(а) In case of members subjected to tension : 10 times the 
thickness of the thinnest outside plate or angle or 20 cm. 
whichever is less. 

(б) In case of members subjected to compression : 16 times the 
thickness of the thinnest outside plate or angle or 15 cm. 
whichever is less. 

(3) The distance between the edge of a rivet and edge of the 
plate etc., should never be less than the diameter of the rivet. 

21*3 Beams. T-sections or rolled steel joists are commonly 
used as simple beams. Thev are suitable for moderate loading 
conditions and spans. But for heavy loads and longer spans, 
compound beams are used. They are fabricated from one or more 
rolled steel joists or riveted with plates and angles. In some cases 
only plate and angles are riveted together to form a compound beam. 
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Plate girder and box girder are the two examples of compound 
beams. The various forms of steel beams are shown in Fig. 21 S. 


inf I 



Fig. 21-5 

Cross-section of various types of beams 


21*4 Steps to be followed in the Design of a Simply 
Supported Steel Beam 

(1) Calculate the loads to be carried by the beam. 


(2) Calculate the max. bending moment {M) with regard to 
the nature of loading conditions. 

(3) Calculate the section modulus {Z) of the required section 
of the beam by the formula : 


Z = 


/ 


where / is the] safe allowable stress in 


steel in bending. 


(4) From the Table on “Properties of sections” select a suit¬ 
able section having its section modulus slightly greater than the 
calculated one. In making the selection of the section, deeper 
sections should be preferred. 

(5) Calculate max. shear force in the beam. 

(6) Check the section for safe shear stress by the formula ; 

8 
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where 

8 = intensity of shear stress. 

S — max. shear force in beam. 

~ The moment of the area of the part of the section situated 
beyond its neutral axis. 

In case of a rolled steel joist, this formula may be reduced to 

s = ^, where d is the over-all depth of the joist and t is the 

thickness of the web. ' 

(7) Check the selected section for its safety from consideration 
of allowable deflection. 

21'5 Compression Members. A compression member is 
one, which is subjected to compression stresses in a direction parallel 
to its principal axis. The compression stresses tend to buckle the 
member or shorten it. Hence, in the design of a compression 



Fig. 21*6 


Plan and elevation of various types of stanchions 


member, its shape, area of cross-section and its length arc of vital 
importance. Stanchions and columns are the examples of compres¬ 
sion members. 
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2t'6 CSolamlns and Stancbions. Column is a vertical com¬ 
pression member which is circular in cross-section. It may be hollow 
or solid in section. Vertical compression member may be termed as 
stanchion. Depending upon the height of stanchions, and the load¬ 
ing conditions ; they may be fabricated in various shapes. Long 
column tends to fail in bending and as such, from economical con¬ 
siderations, the column should be so shaped that the variation 
between the maximum and minimum radii of gyration about its two 


principal axis and the value of its 


_ area 

I easf radius of gyration 


should 


be as small as possible. Hence, single sections of rolled steel joists, 
angles or channels etc. are commonly adopted for columns subjected 
to light loading conditions. For columns required to carry heavy 
loads, two or more sections of angles, channels, rolled steel joists, etc. 
arc joined to form a compound section. The different types of stan¬ 
chions are shown in Fig. 23'6. 


217 Framing of Long Spans. For auditoriums, theatres, 
hangers, large industrial buildings where greater clear distance is 
necessary, girders, trusses, arches fabricated from steel sections are 
used. Girders are used in situations where the depth of framing! s 
limited to 1 m. When the designed depth of the beam works out to 
a more value, plate girders are employed. But in places where depth 
of framing is not restricted from architectural considerations, trusses 
re used. 


2r8 Trusses. A truss consists of an assembly of rigid but 
clastic members jointed in the form of triangles to act as a beam. 
Because of their greater depths, they provide greater stiffness against 
deflection. Mild steel angles are commonly used in steel roof cons¬ 
truction. They prove economical, and provide facility in jointing. 
Angles can resist both compressive and tensile stresses and as such 
they are most suitable for steel trus.ses. The various forms of trusses 
used in the modern construction arc shown in Fig. 21’7. 

Advantages of steel roof truss : 

(1) Steel trusses are stronger than timber trus.ses. 

(2) Steel section forming the truss are light in weight and can 
be fabricated in any desired pattern to suit the architectural require¬ 
ment. 


(3) There is no danger of the material being eaten away by 
white ants or other insects. 

(4) Steel trusses are more fire-iesisting than timber trusses. 

(5) They do not have span restrictions and as such steel trusses 
are largely used for large industrial buildings and other such 
structures. 



tTBlTOTUBAL 8TBBL WOBK 


487 


(6) The sections forming a steel truss are easy in trans 
portation. 

TR.USSL.S FOR 5PAW UPTO 20FT. 



RAI&E.O CMOaO ' CAM5E.RE.D FIHK SCIS50R TRUSS 


TRU5SE.5- FOR. SPAN UPTO 30tT. 



Scissor. himc post til.oss camse-RI-D tiwic 


TRUSSL-S FOR. 6PW4 FROM 30T0A-OFT. 



HOWS. TRUSS COMPOUKJD FINK. 


Fig. 21-7 

Types of steel trusses suitable for various spans 
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(7) The sections can be obtained in any desired form or length 
to suit the requirement and there is not much wastage of the material 
in cutting, etc. 


TR.U55E.S FOR SPAM FROM-4D TO 60 FT 



FAU riMK truss FAH PtMK tsu»s 


TRU5SE-S FOR SPAM FROM 60 TO 100 FT. 



CAMK-k. SACK. TRUSS 


CRS.SCE.NT TRUSS 



soiv stkik^c truss 


Fig. 21*8 

Types of steel trusses suitable for various sp an s 
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(8)^ On, account of their easy erection techniques, the progress 
of work is rapid, which results in great saving of time. 




tooth 



mooiFiLD ^K'tJ tooth 


Fig. 21*9 

Various types of steel trusses provided in special places 
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Fig. 21-10 

Types of steel framing suitable for longer spans 


21' 9 Stanchion Base. Stanchions are riveted to specially 
built bases. The stanchion base consists of an arrangement of base 
plates, gusset plates, angle cleats, stiffeners, fastenings, etc. The 
stanchion is fully connected to the base plate with the help of the 
above fixtures and finally the base plate is fixed to the foundation of 
stanchion (which may be in most of the cases a simple cement 
concrete block foundation) through rag bolts. The width of the 
base plate vary from 2 to 4 times the width of the stanchion and the 
height of the guest plates vary from 11 to 2 times the width of the 
stanchion. To avoid shear and bending, the base plate should not 
project more than 8 times its thickness. 
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Fig. 21-11 

Steel truss suitable for 8 m. span 
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21‘10 Welding. It is a process of joining two or more 
structural members by introducing fused metal into fillets between 
them or by raising the temperature of their surfaces or edges to the 
fusion temperature and applying pressure. It may thus be said to be 
an alternative method of connecting structural steel sections. With 
the development of welding it has become possible to rende 
architectural beauty to steel structures also. Structural me n > 
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Figs. 2M5--21-17 

Details of the truss shown in Fig. 21*14 


the desired pattern can be joined flush to a smooth and nleasin^ 

surface. It has a number of advantages over riveted connection* 
some of them arc given below: connection , 


(1) Rapid execution of work. 
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(2) Noise produced during the process of riveting is eliminated 
in welding. 

(3) It is economical when used on a large scale. 

(4) There is a great saving of material as the angle cleats 
which are necessary in riveted connection, arc eliminated in 
welding. 

(5) In welded connection, the entire section is considered 
effective for taking up tensile stresses as there is no reduction in 
sectional areas on account of holes etc. 

There are two different methods of welding commonly 
adopted. (1) Electric arch welding, (2) Oxy-acetylene welding. 
Electric arch welding is economical and is commonly used in places 
where electricity is easily available. In case of oxy-acetylene weld¬ 
ing, a flame of high temperature is produced by burning a mixture 
of acetylene and oxygen. 



nt-uE-T Tt-t. jo'wT »uTT s riLi.L.1 


Fig. 21-18 

Different types of welded joints 
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21 11 Type, of Weld Joints. There are three different 
types of welds, namely, Butt welds, Fillet welds and Lap welds. 


as 

W 



Llevation of a Tubular steel truss 10 metre in span 
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Fig. 21-20 

Detail of the tubular truss at various junctions 
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PL AM. 

Fig. 21*21 

Details of tubular steel truss shown in Fig. 21*19 
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BvU weld : In this type, the edge of one plate is brought in 
line with the edge of a second plate and the joint is filled with weld¬ 
ing metal or the two edges are heated to their fusion temperatures 
.and pressed together. 

Fillet weld : In this type, the edge of one plate is brought 
against the surface of another (not in the same plane) and welding 
metal is fused in the corner between the two plates. Thus the joint 
can be welded on one or both the sides. Different types of butt 
weld and fillet welds are shown in Fig. (2118). 

Lap weld : In this type, the edges of plates are lapped one 
over the other and the edge of one plate is welded to the sur&ce of 
the other. 


Questions for Rivisioa 

1. Cknnpare the merits and demerits of structural steel work with 
reinforced concrete construction, 

2. What is the influence of the shape of the steel member upon its 
position in a steel structure ? Sketch the various shapes of angles. T’s chaaneis 
etc., which are commonly used in steel work. 

3. Wnat is the function of rivets in a steel structure ? Describe the 
various shapes of rivets and the method of riveting in detail giving importance 
to the general precaution necessary to be observed in the work. 

4. What are the various types of beams used in steel frame work ? 
Describe briefly the important steps which are necessary to be followed in the 
design of a simply supported beam. 

5. Sketch the various types of welding joints. What are the advantages 
of welding over riveting ? 

6. Write a short note on tubular steel roof truss. Sketch the details of 

a specimen truss at the following junctions : ' 

(i) Junction of the beam with principal rafter. 

(i7) Junction of principal rafter head. 

(ill) Junction of purlin and principal rafter. 

(iV) Junction of truss with the steel stanchion. 

(v) Foundation of the stanchion. 

7. Discuss the pros and cons of using the following in a factocr 
building: 

(i) Cast iron columns. 

(ii) Built in R.S. stanchions, 

(lii) R.C.C!< columns. 

8. What are the main principles to be considered in designing the roof 
of the assembly hall of a factory measuring 37 rax 152 m ? 

The columns are spaced 15 m. centre to centre along the breidth of 
the building. Indicate by sketches the details of the suitable steel roof truss for 
the above building, roof cover and ceiling. Give large scale sketches showing 
the details of the wall supports and the joints of the truss. 



500 


B01LDI1TG COirSTBUOTION 


9. State Ihe principles governing selection of the members of a steel 
roof truss: 

(<*) For members in tension. 

(b) For members in compression. 

Show, by suitable sketches, the fixing arrangements you would recom¬ 
mend for the end bearings of a 12 m. span steel roof truss supported on 
brick walls. 

10. _ Describe several possible types of failures of riveted joints. Draw 
sketch to illustrate your answer. On what basis are allowable rivet unit stresses 
usually determined ? 

11. Draw enlarged working details to show any two of the following 

(a) End connections for an angle-iron riveted steel truss of 12 m. span 
carried on a, masonry wall. Rain water gutter and down-take pipe to be also 
shown. 

(b) Purlin connection with principal rafter and asbestos sheet roofing to 
be shown in section and plan. 

12. An asbestos cement sheet roof has to be provided for a workshop 
building 49 m .x 12 m. Sketch the type of truss you would adopt and detail the 
junction at the head (with gutter) and the crown. Show how the truss is sup¬ 
ported on the brick wall. Assume suitable dimensions for all the members. 

13. A drawing hall in an office building is to be covered with C.G.I. 
sheet roofing over tubular steel truss. The clear span of the truss is 10 m. and 
the trusses are to be supported on stone masonry olumns spaced 3 m. centre to 
centre. Draw a sectional elevation of the shape of the truss you propose to use 
and show to a large scale the details of the important junctions of the truss. 

14. A factory building 20m.x40m. is to be covered with asbestos 
cement sheeting fixed on steel truss. The trusses are to be supported on 60 cm. 

X60 cm. R.C.C. columns 5‘5 m* high above the floor level. The columns are 
spaced at 45 m. centre to centre along the length of the building. Draw an 
elevatian of a truss~suitable for the said span assuming approximate sizes of 
its various members. Draw details of joint at the following points : 

(/) Eaves. 

(ii) Ridge (crown). 

(iu) Principal rafter and purlin. 

Also show the method of fixing A.C. sheeting to the truss. 

15. Thereof of a workshop building is to consist of C.G.I. sheets on 
steel trusses. The span of each truss is 15 m. and the truss is supported on 60 
cm. (3 brick) thick walls on either side. Show the details of the truss you would 
propose for the span of 15 m. Draw to a large scale the details of its fixing 
arrangement with the walls. Adopt suitable sections of the various members 
of the truss. Draw the details of ail the important junctions of the truss. 

16. A6m.x6m. room has to be provided with a jack-arch roofing. 
Describe, with the help of sketches, the formw'ork and centering arrangements 
required for the purpose and state how you would proceed to lay this roof. 

You are also required to give a suitable design for the R.S.J.’s and the 
tie rods, if the roof has to support a live load of 293 kg/m®. You may assume 
your own working stresses and any other data required in this connection. 

17. An automobile workshops shed of size 40 m.x8 m. isto be cons- 

ructed. Suggest a suitable roof for this shed. Sketch the details of the roof 
you propose giving the approximate size of the members to be used. Will you 
require any bracing for this roof ? The height at the top of the column on the 
walI IS 6 metres. (A.M.I.E ., May J969} 
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Plastering, Painting and 
Whitef Colour Washing 


22'1 Plastering. This is a process of covering rough 
surfaces with a plastic material to obtain an even, smooth, regular, 
clean and durable surface. Plastering conceals defective workman¬ 
ship and covers up unsound and cheap quality material. Often, 
plastering is required to provide a satisfactory base for decorating 
the surface by white-washing, colour washing, distempering or 
painting. External plastering also termed as ‘rendering* is done 
with the object of improving the resistance of the surface to rain 
water penetration and other atmospheric influences. 

The plastic material or plaster is made by working together a 
mixture of building materials which may be cement, lime or clay, 
line aggregates (usually sand) and water. Certain additives are 
sometimes added to improve its adhesiveness, durability and lusture. 
When cement is used as the binding material, the plaster is termed 
as cement plaster and when lime is used as the binding material it is 
called lime plaster. Sand forms the greatest proportion of a plaster. 
Sand c >ntrols the shrinkage, porosity, strength and adhesive 
properties of a plaster. Fine sand is often recommended for plaster¬ 
ing and it should be so graded that it should not pass by more than 
5% through a sieve of 100 mesh B.S. sieve. Sand used should be 
clean, sharp and free from deleterious matter. Water used should 
be clean and fit for drinking purposes. Depending upon the 
availability of the materials, the choice of plaster for any particular 
location is governed by the rainfall, weather condition, and the 
finish desired. 

22 2 Preparation of Surface for Plastering. The dura- ' 
faility of plaster depends to a great extent upon its adhesion with the 
background. The preparation of surface is of prime importance. 
All the projections which extend by more than 13 mm. from the 
general face of the masonry wall face arc knocked off to obtain a 
uniform' surface and to reduce consumption of plaster. In order to 
obtain a good key of the plaster with the wall surface, all the joints 
.in the masonry are raked out for a depth of at least 13 mm. 
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Dust and loose mortar is brushed out of the raked joints. The 
surface is rendered free from oily, greasy spots and efflorescence, if 
any, is removed by brushing and scrapping. In case of old walls, the 
smoothness of the surface is destroyed by hacking it with some tool. 
The surface is then thoroughly washed with water and kept wet 
before plastering is commenced. 

To ensure required thickness and a true surface, patches of 
plaster 15 cm. X 15 cm. arc first of all applied horizontally and 
vertically at about 1 *8 m. apart over the entire surface. The surface 
of the patches of plaster (also known as screed) serves as gauges for 
maintaining even thickness of the plaster being applied. Mortar is 
then applied on the wall between the screed with trowel. 

22*3 Lime Plaster. Lime used in plastering may be fat 
lime or hydraulic lime. Fat limes make best plaster as they yield 
good putty after slaking. Hydraulic lime on the other hand yields 
harder and stronger plaster, but it may contain some unslaked 
particles which may slake slowly (may be in 8 to 12 months) on 
absorbing moisture from atmosphere and damage the plastering by 
forming blisters. As a precaution, the hydraulic lime, if used, should 
be ground dry with sand left for about 2 or 3 weeks and then 
reground before use. 

Mortar for lime plaster is usually prepared by mixing sand 
and lime in equal proportions. Cement in small quantity is some¬ 
times added to the mixture to improve its strength. Gugal (a kind 
of fragrant gum) and chopped hemp arc sometimes added at the rate 
of 4*5 kg. and 2*7 kg. to every 2 83 cu.m, of mortar respectively. 
This treatment prevents the formation of cracks in plaster on drying. 

22 4 Application of Plaster. It is usual to provide 13 mm. 
and 16 mm. thick plaster on plain side and rough side of 20 mm. 
thick walls respectively. In case of rubble masonry 19 mm. thick 
plaster is recommended to account for the roughness or uneveness of 
the surface. Plaster may be applied in one, two or three coats on 
the prepared wall between the screed with the help of trowel. In 
the one coat treatment mortar is applied in a uniform surface 
slightly more than the specified thickness. This is then beaten with 
thin strips of bamboo to ensure thorough filling of joints and finally 
brought to a true surface. 

During the process of finishing, a solution of lime putty is 
applied on the surface to make the surface smooth and workable. 
The finished surface is then cured for at least seven days. 

In case it is desired to apply plaster in more than one coat, the 
first coat, also known as rough coat, is applied on the surface in a 
layer of 6 to lU mm. in thickness. The mortar is dashed against the 
surface to serve as a key to hold the next courses. 
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Second coat is then applied over the first coat, after the latter 
has set and roughened. It is well pressed and rubbed with wooden 
straight edge, to obtain the desired surface. The thickness of layer 
of mortar in 2nd coat varies between 6 to 10 mm. 

The third or finishing coat is applied 5 days after the 2nd 
coat. This coat docs not exceed 3 mm. in thicknes-s and usually 
consist of a mortar made with cream of white or fat lime (neeru) 
with fine white sand taken in the ratio of 1 : 2. This is well rubbed 
with wooden fioat and then finished with a trowel to a smooth and 
even surface. 

22‘5 Cement Plaster. Cement plaster forms an ideal coat¬ 
ing for external renderings. It is specially suited for damp condi¬ 
tions (bathrooms, etc.) where non-ab.sorbcnt wall surface is essential. 
Cement plaster is usually applied in one coat. Sometimes, when the 
thickness of piaster is more than 16 mm. or when it is desired to 
have a finer finish, plaster is applied in two coats. 

In case of plastering with one coat, cement plaster is applied 
on the prepared surface between the screed with mason’s trowels. 
The surface is levelled by means of wooden float and straight edges 
and finally polished with a trowel. 

In case plastering is required to be done in two coats, the first 
coat is applied as described above with the only difference that the 
plastered surface is not polished. The surface of the first coat when 
set (not dry) is roughened with a scratching tool, to form a key for 
the 2nd or finishing coat. The finishing coat is then applied over 
the first coat surface (made rough and damp), within 48 hours. This 
coat is well troweled and the surface finished smooth. 

22 6 Mud Plastering. This type of plastering is commonly 
seen in kuchha construction in villages and in other structures of 
temporary character. This is the cheapest form of plastering. Mud 
to be used for plastering should be made from earth free from grass, 
roots, gravel, stone grit etc. All the clods in the earth should be 
brooken and reduced to a fine powder. The earth is then mixed with 
plenty of water in a pit, adding chopped straw, Imy or hemp at the 
rate of 33 kg./cubic metre of earth (1 kg./cu. ft. of earth). This 
mixture of earth and straw, well flooded with water, is kept for at 
least 6 days, During this period, the mixture is worked up at 
intervals with foot or phawras so as to convert it into a homogeneous 
mass. 

The surface to be plastered is prepared exactly in the same 
manner as that for lime or cement plaster. Mud plaster is generally 
applied in two eoats, the first coat being 13 mm thick while the 
thickness of the second coat is kept 6 mm. The plaster is dashed 
against the wall and worked with a straight edge and floats. The 
second coat is applied only when the first coat has set (not dry). 
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No curing is done in this case. Cracks formed during drying 
or any portions which sound hollow when tapped, are repaired by 
opening such places out and then treating the surface with a mixture 
of clay and cow-dung. 

22'7 StttCGO Plastering. Stucco is the name given to a 
decorative type of plaster which gives an excellent finish. The 
surface plastered with stucco, compares very much with marble 
finish both in smoothness and elegance. Stucco plaster can be used 
for interior as well as exterior surfaces. It is usually laid in three 
coats making the total thickness of the plaster to about 25 mm. The 
first coat is called the scratch coat ; the second a finer coat, also 
known as the brown coat, and the third is called the white coat or 
finishing coat. 

Each coat should be permitted to dry thoroughly before the 
next coat is applied. 

Stucco for interior walls : In this case the scratch coat consists 
of a coat of lime plaster 12 mm. in thickness. The second coat or 
the brown coat consists of lime paster which is made richer in lime 
and is 10 mm. in thickness, and the finishing coat which is 3 mm. 
thick consists of a mixture of finest lime and well-ground white stone 
(which may be marble or quartz). Tlie finishing coat is carefully 
polished with a bag of linen containing moist chalk in the first 
instance and then oil and chalk. The surface is finally rubbed with 
oil only and finished smooth and bright. 

Stucco for exterior walls : In this case the mortar for the rough 
coat is prepared by mixing cement and sand in the ratio of 1 : 3 and 
then adding 10% by weight of hydrated lime to the mixture. The 
thickness of the first coat in this case is also kept 12 mm. The 
second coat has the same composition as the rough coat but it is 
10 mm. in thickness. The finishing coat which may be 3 to 6 ram. 
in thickness consists of a mixture of cement and sand taken in pro¬ 
portions of 1 : 2 to 1 : 2 White or coloured cement may be used 
in finishing coat to obtain the desired shade. 

22'8 Plaster on Lath. Lathing may be either of wood or 
that of expanded metal. Wooden lath i.s used for forming a ground 
for plastering timber partition walls and ceilings of timber doors. 
Wooden laths are liable to decay or get attacked by white ^ants and 
hence they are rarely used. Wooden laths consist of thin strips of 
well seasoned wood, about 25 mm. in width and 90 to 120 cm. in 
length. Depending upon the strain due to load of plaster, thickness 
of the strips vary from 3 mm to 13 mm. The thicker strips are used 
in the ceilings where the strain is maximum while the thinner ones 
are used for vertical side of the wall. The strips are nailed in 
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parallel lines to the wooden frames. 10 mm. gaps are provided 
between two successive strips for plaster. The strips are fixed so as 
to break joint at the butt ends. The plastering is then done in the 
usual manner. 

Metal lathing is available in a wide range of designs. They 
may be classified as (1) Expanded metal; (2) B.R.G. fabric ; (3) 
Ribbed expanded—with ribs forming an integral part of the sheets ; 
(4) Perforated ; (5) Devetailed and so on. Plain or expanded metal 
lathing is commonly used in residential buildings. The lath is 
stretched tightly as much as possible and then fixed to the wooden 
support by G.I. staples. In case of concrete or masonry surface, 
wooden plugs have to be embedded for fixing the lath. The lath 
sheets must be over-lapped not less than 25 mm. at the sides and 
ends and they should be fastened by galvanised lacing wire running 
through the meshes. The fixing of the lath is so planned that the 
overlaps do not occur at corners. The lath is always bent at the 
corners. The lath is plastered in the usual manner. 

22 9. Special Types of Finishings. The plastered surfaces 
may be finished in a variety of finishes. The types of finishing 
treatraenis usually adopted for external surfaces are briefly given 
below : 

(o) Smooth cast : It is a finish which presents a levelled and 
smooth surface. The mortar for the finish is made by mixing cement 
and fine sand in ratio of 1 : 3. The mortar may be applied in one 
or two coats and finished by working with a wooden float. Steel 
floats are not recommended for external renderings as they give a 
very smooth finish which is liable to crack and craze due to e.xpo3ure 
to atmospheric conditions. 

(b) Rough cast : It is a finish in which the mortar for the final 
•coat contain a proportion of fairly coarse aggregates. The wet 
plastic mix is thrown on the surface by means of a scoop or trowel, 
and is left in the rough condition. The texture desired is regulated 
by the size of the coarse aggregate which is generally varied between 
6 to 12 mm. The mortar for the finish is made by mi.xing cement, 
fine sand and coarse aggregate in the ratio of 1 : IJ : 3. Rough cast 
finish is water-proof, durable and resistant to cracking and crazing. 
This type of finish is considered particularly suitable for situations 
subjected to heavy rainfall and strong winds. 

(c) Pebble dash : It is a finish in which small pebbles or 
crushed stones of suitable size (usually varying from 10 to 20 mm ) 
are thrown on to a freshly applied final coat of mortar and left 
exposed. The mortar for the final coat is usually made by mixing 
cement and coarse sand in the ratio of 1 ; 3 and is laid in about 
1 mm. thickness. The pebbles used for dashing should be well 
washed and thrown wet on to the final coat while it is still plastic. 
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To ensure good bond between the dashing and the final coat, the- 
pebbles may be tightly tapped into the mortar with a wooden float 
or with the flat of a trowel. This finish possesses all the advantages 
of the roughcast finish and is recommended in similar conditions. 

(d) Scrapped finish ; It is a finish in which the final coat, 
after being levelled and allowed to stiffen for a few hours, is scrapped 
with a steel straight edge, old saw blade or other such tool to 
remove the surface skin. Various types of scrapped finishes can be 
obtained by using different types of tools in different manners. In 
this case the final coat is usually 6 to 12 mm. thick of which about 
3 mm. is removed in the scrapping process. The scrapping is done 
after the setting has taken place. In the process of scrapping, the 
surface skin of the mortar is removed to expose the aggregate and 
the texture obtained depends upon the grading of aggregates used in 
the final coat. This type of finish is less liable to crack than plain 
finishes. 

(c) Textured finish : In this finish, ornamental patterns or 
textured surfaces are produced by working with various tools on the- 
freshly applied final coat. This type ;of finish possesses all the 
advantages of the rough cast finish. 

The various finishes described abov'C (smooth cast finish being: 
an exception) require little maintenance except for fungus growth 
and lodgement of dirt. 

22*10 Special Materials used in Plastering 

1. Plnt-ler of Paris : It is also known a calcium sulpliate 
jflastcr and is obtained by heating Gypsum. Gypsum occurs in the 
form of natural rock which is usually composed of one ])art of 
calcium sulphate and two parts of chemically combined water ol 
crystallization. When the water of crystallization is driven off ffom 
gypsum stone through calcination or heat treatment, the product 
obtained is called the plaster of Paris. When water is added to this 
powdery product, it forms a plastic mass, which sets rapidly. Plaster 
of Paris adheres well to gypsum, wood, metal lath, masonry or other 
plastering surfaces. The setting time of the plaster of Paris can be 
controlled Idv the addition of certain salts. It is mostly used in 
combination with ordinary lime, for making good, small defects in 
plastered surfaces. Since gypsum is slightly soluble in water, plaster 
of Paris is not used for external w’orks. 

2. Keene’s Cement : This is the hardest and densest form of 
gypsum plaster. It is obtained by calcining selected form of gypsum. 
It is pure white in colour and takes a high, glasslike polish. It Ls. 
used for highly decorative plastering work and ornamental work. It 
is used alone for extra-hard finish or it is mixed with lime putty foi 
medium hard finish - 

i 
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3. Barium planter'. This is essentially made from bariumu 
sulphate and is applied in the form of a final coat to serve as a 
protection around X-ray rooms. 

4, Acoustical Plaster : It is a gypsum mixture, which is 
employed as a final coat to serve the purpose of a sound-repellent 
finish. The minute passages in the form of tiny openings in the 
plaster coat, absorb sound. The plaster is usually applied in two 
coats, each 6 mm. in thickness. The surface must be finished 
uniformly in a manner that promotes porocity, as such, wooden float 
is preferred to a steel trowel in finishing. 





(3; (4) 


Fig. 22-1 


Figs. Cl) and (3). Different types of steel trowels. 
Fig. (2) Wooden float. 

Fig. (4) Metal float. 
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22-11 Defects in Plaster Work. The following defects may 
occur in plaster work : 

1. Cracking : This consists in formation of cracks in plaster 
work which may be on account of the following : 

(») Old surface not being properly prepared. 

(ti) Movements in the backing either on account of the 
thermal expansion or due to shrinkage caused by the 
drying of the backing material. To avoid this the 
backing surface should be allowed to dry before 
applying the plaster. 

{in) Movement in the plaster itself on account of the ex¬ 
pansion (in case of gypsum plaster) or shiinkage^ of 
the plaster coat (in case of lime-sand plasters) during 
drying. 

(iv) Exeecssive shrinkage of plaster due to the application 
of mortar in thick coats. 

(v) Workmanship and the method of application of the 
plaster. Rough textured finishes arc generally less 
likely to show cracking than smooth finishes. 

2. Blowing or blistering of piaster : This consists in formation 
of small patches of plaster swelling out beyond the plastered surface 
and are chiefly due to faulty slaking of lime particles in the plaster. 
After the application of plaster, the unslackcd particles in the lime 
start slaking and thus the defect takes place. Properly slaked lime 
should be used to prevent blistering. 

3. Falling out of plaster : This defect may arise due to the 
following reasons : 

(i) The adhesion of the plaster to the back-ground may 
not be perfect. 

(•t) The suction of the backing material may not be 
uniform. At the places where the backing material 
absorbs excessive amount of water, the plaster loses its 
strength as well as the mechanical bond between the 
two surfaces. 

{iii) Excessive thermal changes in plaster or backing. 

{iv) The bond between the successive coat of plaster may 
not be perfect. 

4. Efflorescence : If soluble salts are present in bricks or the 
mortar they absorb moisture from atmosphere and go into solution 
which appears on the surface in the form of whitish substance as the 
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moisture dries out and the salts crystallise. The surface gets dis¬ 
figured and concentrated strains present an ugly appearance. 
Efflorescence may occur on brick work or on the surface of plaster. 

Efflorescence on the surface is unlikely to cause any real 
damage to the bricks unless the quantity of soluble salts present is 
abnormal. However, if the formation of crystal (on drying) of the 
salt solution takes place within the brick, it can result in the 
disintegration of the material and cause severe flaking of the 
plastered surface. 

Efflorescence on the surface can be removed to some extent by 
brushing and washing the surface repeatedly. 

In case of brick work, salts can be removed, by applying a 
solution of zinc sulphate and water and then brushing of the surface 
when dry. 

In another method a solution consisting of one part o 
hydrochloric or sulphuric acid diluted with 5 parts of water is 
applied on the surface with the scrubbing brush. The surface is 
then thoroughly washed and rendered clean and dry. 

POINTING 

22T2 General. In exposed brick or stone masonry, mortar 
joints are considered to be weakest spots for giving access to rain 
water or dampness. Pointing consists in raking out joints in brick or 
stone masonry to a depth of about 13 mm. and filling the same with, 
mortar of slightly richer mix. This treatment not only protects the 
joints from the adverse effect of atmosphere but also magnifies the 
appearance at the surface by exhibiting the pattern of the joints, 
their thickness, colours and texture. 

Preparation of Surface. Pointing should preferably be done 
whilst the mortar in the joints is still green. This has the advantage 
of giving a good joint between the soft and wet mortar in the 
masonry and the mortar used for pointing. Th;: raked joints, both 
in case of old or new work, arc cleaned of all loose mortar or dust 
by using brushes. The joints as well as the wall surface is >vell 
washed and kept wet for a few hours before pointing. 

22*13 Mortar. Pointing may be done by using lime or 
cement mortar. The mortar for lime pointing is made by taking'‘ 
equal parts of fat lime and fine sand and then grinding the mixture 
thoroughly, in a mortar mill. The mortar for cement pointing is. 
made by mixing cement and sand in proportion of 1 : 2 or 1 : 3. 

22*14 Application of Mortar. The mortar is pressed into 
the raked out joints with a pointing trowel, and rendered flush, 
sunk or raised according to the type of pointing required. The 
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•desired type of pointing is then made with the proper tool and the 
surface of the masonry cleaned of all superfluous mortar. The 
pointing should be kept wet for about a week. The pointing lines 
should be regular, truly horizontal and vertical. In case of random 
rubble masonry, where the joints are slanting, the line of joints from 
•different directions should preferably meet at or near the junctions. 

22T5 Types of Pointing. The various types of pointing 
commonly used arc described below. The choice of the particular 
type depends upon the type of masonry, nature of the structure and 
•the nature of the finish desired. 

(I) Flush pointing ; In this type of pointing, the mortar is 
pressed into the raked joints and finished off flush with the edges of 
the bricks or stones, so as to give a smooth appearance. The edges 
arc then neatly trimmed with a trowel and straight edge. This is 
the simplest type of pointing and is extensively used in brick work 
and stone masonry face work. 
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Fig. 1. Flush pointing. 

Fig. 2. Cut on weathered or struck pointing. 
Fig. 3. V-grooved pointing. 

Fig. 4. Keyed—or grooved pointing. 

Fig. 5 Tuck-pointing. 

Fig. 6. Beaded pointing. 
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(2) Cui or weathered or struck pointing ; In this type of point¬ 
ing, the mortar is first pressed into the raked joints. While the 
mortar is still-green, the top of the horizontal joints is neatly pressed 
back by 3 to 6 mm. with the pointing tool. Thus the joint is 
finished .sloping from top of the joint to its bottom. 

(3) V-grooved pointing : This type of pointing is made similar 
to keyed or grooved pointing by suitably shaping the end of tlie 
steel rod to be used for forming the groove. 

(4) Keyed or grooved pointing : In this type of pointing, the 
mortar is pressed into the raked joints and finished off flush with 
the edge of the bricks or stones. While the pressed mortar is still 
green, a groove is formed by running the bent end of a small steel 
rod (6 mm. in diameter) straight along the centre line of the joints. 
The vertical joints are also finished in the same manner. 

(r5) Tuch pointing. In this type of pointing, the mortar is first 
pressed in the raked joints and is finished flush with the face of the 
wall. While the pressed mortar is still green, the top and bottom 
edges of the joint are cut parallel so as to have a uniformly raised 
band about 6 mm. raised with 10 mm. width. 

(6’) Beaded pointing : In this type of pointing, the mortar is 
pressed in the raked joints and finished off flush with the face of the 
wall. While the pressed mortar is still green, the steel rod having 
its end suitably shaped, is run straight along the centre line of the 
’oints to form the beading. 

WHITE/GOLOUR WASHING 

22T6 Preparation of White-wash. White-wash is made 
from pure fat lime (white stone lime) or shell lime. The unslaked 
lime is dissolved in a tub with a sufficient quantity of water, and the 
whole is thoroughly stirred with a wooden pole,, until it attains the 
consistency of thin cream. As a rough guide about 5 litres of water 
should be added to each kg of lime for making the cream. This 
mixture is allowed to stand in the tub for a period of about 24 hours 
and then strained through a clean coarse cloth. Clean gum 
dissolved in hot water is then added in the proportion of 4 kg of 
gum per cu. m. of thin cream. 


To prevent glare and to obtain pleasing effect, blue (copper 
sulphate) in proportion of 4 kg. of copper sulphate per cu. m. of thin 
cream is added. In order that the coat of white-wash may stick well 
to the surface. Alum or common salt taken in the same proportion 
as gum, is also sometimes added. 
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2217 Preparation of Surface. Before applying white 
wash on new walls, the wall surface is thoroughly cleaned, brushed 
and rendered free from mortar droppings and other foreign-matter. 
If the surface to be coated is sufficiently smooth, it should be rubbed 
with sand paper to ensure proper adhesion of white wash. 

In case of re-white washing an old surface, all loose pieces and 
scales should be scrapped off. The old loose white-wash is removed 
by rubbing with .sand paper and the holes in wall filled with lime 
putty. The plaster repairs of the wall should be done well in 
advance, so that they are dry before white washing. The greasy 
spots should be given a coat of a mixture of rice water and sand so 
that the wash may slick to the surface. In kitchens or other places 
where the walls have been discoloured by smoke or other reasons, 
the surfaces should be given a coat of a mixture of wood ashes in 
water before applying white-wash. 

22T8 Application of White-wash. White-wash may be 
applied in specified number of coats until the surface presents a 
smooth and uniform finish. Three coats are considered necessary 
for new work and one or two coats for old work. Usually moonj 
brushes are used for white-washing. Each coat consists of a stroke 
of the brush applied from the top downwards, another stroke applied 
from the bottom upwards over the first stroke, and similarly one 
stroke is applied horizontally from the right and another from the 
left, before the next one is applied. TJie finished dry surface should 
not show any signs of cracking or peeling and it should not readily 
stain the hand when rubbed. As a measure of protection doors, 
windows, floors, articles of furniture etc., should be protected from 
being splashed upon. 

A 2219 Colour washing. Colour wash is prepared by mineral 
colnjiFS^ (which are not affected by lime) of the desired shade to the 
prepared white-wash. The colour wash is applied in the same way 
as white-wash. The mixture is kept constantly stirred with a 
bamboo stick, while it is being used. Only colour wash, sufficient 
for the day’s work, should be prepared. Prior to the application of 
colour-wash on new surfaces, a coat of white wash is applied which 
acts as a priming coat. In case of old, prepared surface, a coat of 
colour wash is applied over the patched and repair work- Two or 
more coats of colour wash are then applied on the entire surface 
till it presents a uniform finish. The surface should not appear 
powdery and it should not readily stain the hand when rubbed. 

(Questions for Rivision 

1. What is the object of plastering ? Slate in brief the different types 
of plasters adopted for internal and external finishing of wail surfaces. 
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2. Write short notes on the following ; 

(0 Stucco plastering, 

(//) Mud plastering. 

(Hi) Scrapped finish. 

3. Differentiate between cement plaster and lime plaster. 

4. Write short notes on the following ; 

(/) Plaster of Paris. 

(«■) Keene’s cement. 

(Hi) Barium plaster. 

(iV) Acoustical plaster. 

5. Write short notes of the following : 

(i) Cracking. 

(/7) Blistering of plaster. 

(Hi) Rough cast plaster. 

(iv) Pebble-dash. 

6. What is the object of pointing brick work ? Describe the operation 
of pointing giving the preparation of surface, the mortar and its application 
completely. 

• 7. Writes short notes on the following : 

(i) Flush pointing. 

(/) Grooved pointing. 

(Hi) Tuck pointing. 

(iV) , Cut or weathered or struck pointing. 

8. What is the difference between the terms—colour-washing and white¬ 
washing ? Describe in detail the complete operation of white-washing of 
plastered wall surface. 
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Paints, Varnishes and Distempers 

231 Points. Paint is applied on timber, metal, brick or 
other materials in the form of a liquid which, on drying, forms a thin 
film on the painted surface. The essential function of the paint film 
is to provide protection or decoration or both. Paint is indispens¬ 
able for the proper maintenance and preservation of wooden 
structures against warping, checking or decay. Most of the metals 
corrode if not painted at suitable intervals. Painting cnable.s the 
masonry and concrete work to resist checking and disintegration, 
thereby extending the life of structure. Decoration, sanitation or 
improved illumination are the additional factors which often make 
painting necessary. 

Paint is composed of two main components, viz., pigment 
and organic binder. Pigment is the .solid ingredient of the paint 
and is used in the form of a fine powder while liquid part of the 
paint is called vehicle. The vehicle varies with the type of paint. 
It is usually linseed oil for an oil paint, varnish in kalsomine in case 
of enamel paints and it is water in case of cold water paints. 

23*2 Constituents of an Oil Paint. An oil paint is generally 
made up of six main constituents given below : 

(а) A base 

(б) An iiwi filler or extender 

(c) Colouring pigment 

(d) A vehicle 

(e) A solvent or thinner 

(f) A drier. 

(a) Base ; It is generally a metallic oxide and is used in the 
form of powder in a paint. Base is essentially a pigment which 
forms the chief ingredient of a paint. The most important reason 
for adding base or pigment in a paint is to make an opaque coating 
to hide the sur&ce to be painted. In addition, it makes the film of 
coating resistant to abrasion and prevents shrinkage cracks formed 
in the film, during drying. White lead, red lead, zinc oxide, iron 
oxide and titanium whites are the bases commonly used. 
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{h) Hllcsr or extender: It is a cheap pigment added in 

it paint to reduce its cost. In addition, it modifies the weight of the 
paint and makes it more durable. With proper formulations, the 
inert filler pigments may be helpful in contributing useful properties 
to the paint film. The commonly used inert fillers or extenders 
are : Barytes (Barium sulphate), lithopone, silica, silicate of magnesia 
or alumina, whiting, gypsum, charcoal etc. 

(c) Golonring pigments : As the name indicates, it is a white 
or coloured pigment, mixed in a paint to get the desired colour of 
the paint. 

(d) Vehicle : It is a liquid which acts as a binder for the various 
pigments, viz , bases, extender and colouring pigment. The vehicle 
makes the paint in the state of a fluid and thus helps to spread its 
ingredients uniformly over the surface to be painted. This forms an 
clastic, resistant to abrasion and reasonably impermeable film on 
drying. Refined linseed oil is a commonly used vehicle in oil paints. 
Tung, perilla, soyabean, fish, sunflower, tobacco seeds are also being 
used as vehicles in various combinations with linseed oil or without 
linseed oil. 

(c) Solvent or thinner : It is a liquid which thins the consis¬ 
tency of the paint and evaporates after the paint film has been app*. 
lied. It imparts to the paint film good properties as brushability, 
smoothness and easy flow. Turpentines, pure oils, petroleum spirit 
and highly solvent naptha are commonly used as solvent or thinner. 

(/llDrier : These are materials containing metallic compounds 
and are u.sed in small quantities for accelerating the drying of paint 
film. They act as catalysts for the oxidation and polymerization of 
the vehicle used in the paint. Litharge, lead acetate, manganese 
dioxide and cobalt are the driers commonly used. Not more than 
10% (by volume) of the drier should be used in an oil paint. If 
used in excess, especially in the final coat, they tend to destroy the 
elasticity of the paint which finally leads to its flaking. 

23'3 Gharacteriatics of a Good Paint. A good paint 
should have the following characteristics : 

1. It should stick well to the surfate and should be able to 
seal the porous substrata. 

2. Its consistency should provide easy workability. 

3. The thickness of the paint film should be adequate fbr^ 
good protection and decoration of the surface. 

4. The paint film should dry rapidly. 

5. The dried paint film should be able to withstand the 
adverse weather effect for a long time without losing 

loss. 
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6. It should offer resistance to failure by checking, cracking 
and flaking. 

7. It should possess good moisture resistance. 

8. Its colour should not fade with the passage of time. 

23‘4 Bases. The pigments commonly used as the principal 
constituents for forming the body of various types of paints, are 
briefly given below. 

White lead : This is perhaps the cheapest pigment and is 
thus extensively used for ordinary painting works. It is sold both 
in power form as well as in the form of a stiff paste made by mixing 
it with linseed oil. It has good binding and spreading power. It is 
very poisonous and is blackened when subjected to an atmosphere 
contaminated with sulphur compounds. Paints with white lead base 
can be easily tinted. It is not recommended for painting of iron 
works as it does not check rusting of iron. White lead paints are 
best suited for wood work. 

Red lead : It is an oxide of lead, bright red in colour and is 
usually sold in powder form or in the form of paste made by 
grinding it in linseed oil. Red lead mixed with linseed oil is con¬ 
sidered to be the best primer both for wooden surface as well as 
structural steel work. It forms a tough and durable film which 
sticks well to the surface. 

Lead pigment paints have excellent moisture and mildew- 
resistance properties. They have good adhesion and paint film 
fades only on account of checking and cracking. 

Zinc white or Zinc oxide : It is a fine white zinc powder which 
is available both in dry form as well as in the form of paste made by 
mixing it with linseed oil. This pigment is used as a base for all 
the zinc paints. Zinc white mixed with linseed oil forms a white 
paint, which has a good hiding and spreading power. It is not 
affected by sulphur compound and is not poisonous. It forms a 
costly paint, less workable and less durable than the white lead 
paints. It amalgamates readily with the binding oil during the 
process of drying. It finally gets very hard forming a paint film 
which is brittle and has a tendency of surface cracks. 

Iron oxide : It is a pigment produced from haematite ore. 
The pigment is obtained by grinding and levigating the red or 
brown haematite. When mixed with vehicle oil, it forms a cheap 
and durable paint, which is exclusively used for the priming coat on 
iron or structural steel. 

Titanium while or titanium dioxide : This pigment is chemically 
inert and is not affected by heat, or light. Due to its high refractive 
index, titanium white possesses excellent hiding power and as such it 
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is generally used as an under-coat in all sorts of exterior and interior 
organic coatings. It may be used with all types of vehicle oils. 

Lithopone : This pigment is obtained from the precipitate 
formed by mixing equal quantities of the solutions of barium 
sulphide and zinc sulphate under carefully controlled conditions. 
It is a dense white pigment, having a good covering power, and 
it tends to turn yellow when exposed to sunlight. The paint made 
with lithopone as its base is generally used as under-coat. It is also 
used in cheap enamels. It should not be allowed to come in contact 
with water. 

23 5 Vehicle. The vehicles commonly used in an oil paint 
are briefly described below : 

Linseed oil : This is extensively used as a vehicle in oil paints. 
It is obtained by pressing crushed flax seed, The drying of the oil 
takes place not on account of evaporation but when exposed to air 
it gets oxidised. It may be used either in its raw state or refined 
state or boiled. 

Ravi linseed oil : It is a transparent vehicle, yellowish in colour, 
sweet in taste and has very little smell. It has inferior drying 
qualities and is generally used for inside painting work. It is 
normally used for delicate tints. The drying qualities of this vehicle 
can be improved by adding about one pound of white lead to every 
gallon of the oil and then allowing it ^ to settle for a period of one 
week. 

Rnihd Ihvseed oil : The drawback of slow drying of raw linseed ^ 
oil is overcome by boiling the raw oil. During the process of 
trolling, red lead and litharge are added to the oil in proportion 
of one pound each to one gallon of raw oil. The boiled linseed oil 
thicker in consi.stency and its colour is darker than that of the 
raw linseed oil. Boiled linseed oil is inferior to raw linseed oil 
from consideration of elasticity and power of penetration. Being 
darker in colour, it is not recommended for whitq or light-coloured 

paints. 

Double boiled linseed oil : Its colour and transparency is exactly 
similar to that of raw linseed oil but it smells slightly different. It 
has quick drying qualities and is generally used for painting plastered 

surfaces. 

Roppu oil : It is prepared by pressing poppy seeds. It is used 
for very, delicate colours. It is expensive and is thus used for 
internal painting of light shades. It is inferior in drying qualities to 
raw linseed oil. 

The raw oil is not suitable for use in paints and as such it is 
boiled and suitable materials are added to make it an excellent 
veh icle. 



318 


BUILDXXra OOKSTBVCTION 


Tury oil : It is extracted by pressing the nuts of tury tree. It 
is a vehicle better than linseed oil and is largely used for making 
superior paints and varnishes. It stands well the attack of alkalies. 

Nvi oil ; It is a cheap vehicle and is generally used for paint¬ 
ing ordinary works of temporary character. It is colourless, less 
durable and it dries very quickly. It is used as a vehicle for white 
or light-coloured paints. 

23*6 Thinners. Turpentine is the most common thinner 
used in the preparation of an oil paint. Turpentine is a spirit 
obtained by distilling balsam, which is the resin or gum obtained 
from pine trees. Turpentine thus obtained is termed as spirit of 
turpentine, sap turpentine or oil of turpentine. Turpentine is an 
inflammable, volatile, colourless liquid, having a pungent smell. It is 
used in paints and varnishes to dilute them and to increase their 
flowing properties. It is added in more quantity in the priming coat 
on wood-work in order to increase ability of the paints to penetrate 
into the pores of the woodwork, while in the outer or final coat it is 
used in much less quantity. If used in excess, it effects the dur¬ 
ability of the paint and on evaporation it leaves an excess of colour 
not mixed in the oil. The usage of turpentine as thinner is adopted 
only when dull or flat finish without gloss is desired. Weather has 
adverse effect on turpentine, as such it should normally be 
recommended for indoor paintwork. Benzene and solvent naptha 
arc the thinners which are cheaper and are sometimes used as 
substitutes for turpentine. 

23*7 Colouring Pigments, Colouring pigments arc used to 
give the desired colour to the paint. In general, for white, black 
and very dark shades, the base itself is chosen to be a colour pigment. 
In case of light or bright colour, the desired shade is obtained by 
mixing pigment to white paint. 

The colouring pigments generally used are given below. The 
desired colour may be obtained by using the pigment, singly or in 
combination of two of more : 

Black pigments : Lamp black ; vegetable black ; ivory black; 

graphite. 

Brown pigments : Raw umber ; burnt umber ; burnt sienna ; 

• Vandyke brown. 

Blue pigments : Prussian blue ; indigo ; ultramarine blue : 

cobalt blue. 

Yellow pigments : Chrome yellow ; yellow ochre ; zinc chro¬ 
mate ; bariian chromate ; sienna. 

Red pigments : Indian red ; carmine; red lead ; vermillion; 

Venetian red ; tuscan red. 
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Qrem pigmenta : Verdigris; green earth; chrome green; 

emerald green. 

23'8 Preparation of Paints. Mostly white lead, oil paint 
forms the basis of all the paints of light or bright colours. The base 
whieh is usually white lead is ground in linseed oil to the consistency 
of paste. Alternatively the base may be obtained in the form of the 
paste directly from the market. 

The base in the state of stiff paste is then softened or “broken 
up” by adding linseed oil in a small quantity at a time and then 
stirring the paste with wooden paddle. If a coloured paint is 
desired, the proper colouring pigment is ground very fine and mixed 
with linseed oil to the consistency of paste separately. Driers if used 
should also be separately ground in linseed oil and the paste mixture 
of the three, i.e, the base, the colouring pigment and the drier, is 
further thinned into the consistency of cream by adding more 
linseed oil and stirring it well. The mixture is then strained through 
a fine canvas or a fine sieve. The paint is thinned to the desired 
consistency by the addition of oil or turpentine or both, just before 
it is to be used. 

The paint thus prepared should be used and consumed at the 
earliest. If the prepared paint has to be kept unused for some time, 
it should be covered with a film of water to protect it from drying 
or skinningL Ready-mixed paints of varying composition and colour 
are now produced by many manufacturers such as, Shalimar Paints, 
Solignum Paints, Holes Paints Ltd , Jenson & Nicolson (India) Ltd. 
etc. Ready-mixed paints are generally too thick for direct application 
and as such they are thinned to the desired consistency by adding 
suitable thinners and stirring it well. 

23 9 Types of Paints. The various types of paints commonly 
used can be broadly divided in the following categories : 

(i) Aluminium paints 
(ii) Anli^corrosive paints 
{Hi) Asbestos paints 
(iv) Bituminous paints 
(») Bronze paints 
(vi) Cellulose paints 
{vii) Casein paints 
iviii) Cement-based paints 
{ix) Enamel paints 
{x) Rubber base paints. 

{%) Alumiiunm Paint. Alluminium paint is used for painting 
IV ood work and metal surfaces. Aluminium powder forms the base 
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in this paint. In this paint the base is held in suspension and bound 
by either quick-drying spirit varnish, or slow drying oil varnish to 
suit the requirements of the surface to be painted. This paint is well 
established for its good weather-resisting and water-proofi^ quali¬ 
ties. It is highly heat reflective, resistant to corrosive acti<m of sea 
water, and stands well the atmosphere contaminated with acidic 
fumes. Because of its brilliant silvery shining texture, the paint has 
the advantage of being visible in darkness. Aluminium paint is 
commonly used for painting metal roofs,- silos, machinery, electric 
and telegraphic poles or towers, oil or gas storage tanks, hot water 
pipes or tanks, etc. 

(w) Anti-corrosive Paints. This paint is generally used as a 
metal protection paint for preserving structural steel work against the 
adverse effect of fumes, acids, corrosive chemicals and the ravages 
of rough weather. Several types of anti corrosive paints arc manu¬ 
factured these days. The pigments used in the various type.s of paints 
are dry red lead, sublimed blue lead, zinc oxide and iron oxide, 
zinc dust, zinc chromate etc. Linseed oil is generally used as the 
vehicle. Sometimes, driers and inert filters are also added to modify 
the requirements of the coatings. 

(m) Asbestos Paints. This type of paint is especially .suit¬ 
able for patch work or stopping leakages in metal roofs. It is also 
used for painting gutters, spouts, flashings, etc. in order to prevent 
them from rusting. Asbestos or fibrous coating is sometimes used as 
a damp-proof cover for the outer face of the basement walls, 

(iv) Bituminous Paints. Bituminous paints are alkali resist 
tant and are chiefly used for painting exterior brick work, and plas¬ 
tered surfaces. They are also used for water-proofing and protection 
of iron and steel and are commonly applied on iron water mains and 
structural steel work under water or on fabricated iron and steel 
products. The paints usually consist of asphalt, bitumen or pitches, 
dissolved in mineral spirit or naptha. When required, drying oils 
may aLso be added to the paint to modify its properties. This type 
of paint is obtained in black colour but its colour may be modified 
by incorporating certain pigments like red oxide etc. These paints, 
however, deteriorate when exposed to the direct rays of the sun. 

(v) Bronze Paints. This type of paint is often used for 
painting interior or exterior metallic surfaces. On account of its 
high reflective property, it is commonly applied on radiators. 
Aluminium powder (or aluminium bronze) or copper powdei* (or 
copper bronze) are pigments commonly used in this paint. The 
vehicle used in the paint is usually nitro-cellulose lacquer. 

(rt) Cellulose Paint. This type of paint is made from 
celluloid sheets and amyl acetate substitutes. For making a superior 
type of paint, Nitro-cotton is used. It dries very quickly and 
possesses the additional advantages of hardness, flexibility, and 
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smoothness. It can be cleaned easily and remains unaffected by hot 
water, smoky or acidic atmosphere and stands well the wear and tear 
and ravages of rough weather. It is much superior to ordinary 
house paint and on account of its high cost, its u.sage is generally 
restricted to paints of motor cars, aeroplanes or other such 
situations. 

(vit) Casein Paints. Casein is a protein substance extracted 
from milk curds which is mixed-up with a base consisting of white . 
pigment like whiting, titanium, lithopone etc. to form the paint which 
is usually available in powder or pasty form. On account of its high 
opacity, the paint can be applied on new plaster work without any 
danger of scaling or alkali burning. The paint can be tinted in any 
desire d shade of colour. It is usually applied on walls, ceiling, wall- 
board, cement block construction etc. to enhance the appearance of 
the surface. When used for exterior surfaces of cement, brick or 
stone masonry, a little quantity of drying oil, or varnish is added to 
the paint to make it weather well. 

{viii) Cement-based Paints. It is a type of water paint in 
which tvhite or coloured portland cement forms the base. No oil or 
other organic matter is used in the making of this paint. The base 
thinned with water, and the paint when applied on masonry surface 
forms a strong, durable and water-resisting film on diying. The 
surface to be painted must be well wetted and the successive coats 
must be sprayed over with water during the process of drying. It is 
used for decorating the cement surfaces and is commonly recom¬ 
mended for swimming pools and other such situations. 

{iz) Enamel Paints. Enamel paint is made by adding 
pigments like white lead or zinc white to a vehicle ^vliich is a 
varnhh. Colouring pigments may also be mixed to obtain the 
enamel paint in any de.sired colour. On drying, it forms a smooth, 
glossy, relatively hard and permanent solid thin film. Different 
types of enamel paints are now manufactured in a variety of colours 
and are available in readymade form these day.s. Enamel paints are 
used both for interior as well .as exterior painting. Tt is not affected 
by atmosphere and stands well the adverse effects of weather. The 
enamel paint film presents* a glossy surface but. if desired, an 
cggsliell or flat finish may abo be obtained by adding turpentine in 
small or large quantity. It is commonly used for painting porches, 
decks, stairs, concrete surfaces, etc. 

(x) Rubber Base Paints. This type of paint has excellent 
acid, alkali and moisture resistant properties. It can be readily used 
for application on new concrete and lime plastered surfaces. The 
paint is made from rubber treated with chlorine gas (chlorinated 
rubber) which is dissolved in suitable solvents .and mixed with other 
pigments. It is commonly used as protective coating on cement 
concrete floors and interior or exterior masonry surfaces. 
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PROCESS OF PAINTING DIFFERENT SURFACES 

23'10 Process of Painting on New Wood Work. The 

correct preparation of surface plays an important role in preserving 
the properties and life of the paint. The process of painting on new- 
wood work can be divided into the following different stages : 

1. Preparation of surface 

2. Knotting 

3. Priming 

4. Stopping 

5. Second or surface coats or undercoatings 

6. Finishing coat. 

1. Preparation of surface. Wood work to be painted must 
be properly seasoned, clean, dry and free from dust. The surface 
should be smoothened by rubbing it with a fine grade sand paper or 
glass paper used obliquely across the grains and rendered free from 
grease. 

2. Knotting. Knots exude resin. Knotting is the process of 
sealing the knots by suitable means so that the resin from the knots 
may not destroy the paint films by way of cracking, peeling or 
brown discoloration. The three different methods of knotting 
commonly adopted are (i) patent knotting, (n) ordinary or .size 
knotting, \iii) lime knotting. 

(?') Patent knotting : This consists in sealing the knots by apply¬ 
ing one or more coats of shellac or aluminium varnish on the knots. 

(n) Ordinary or size knotting : This consists in sealing the knots- 
by applying two coats of varying ingredients. The first coat 
consists of red lead ground in water to which strong glue size is 
mixed and the fluid is applied hot on the knots. The second coat 
Avhich consists of red lead ground in oil and thinned with boiled oil 
and turpentine is applied soon after the first coat is dry. 

{Hi) Lime knotting : This consists in keeping the knot covered 
with hot lime for about 14 hours. After this period, the lime is 
scrapped off and the knots arc treated with the method of ordinary 
size knotting. 

3. Priming : This consists in applying first coat or the 
priming coat on the surface to fill the pores of wood by penetrating 
inside the wood. The main function of the priming coat or the 
primer is to serve as the foundation for the subsequent coats. Primers 
have definite functions to perform and their choice depends on the 
material being used and hardness or condition of wooden surface to 
be coated. In general the ingredients of the priming coat should 
preferably be the same as in the subsequent coats but their proportion 
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may vary. The composition of primer for interior and exterior wood¬ 
work may consist of the following : 

(1) For ifdtrior woodwork 


Red lead.1'5 kg. 

White lead.3'6 kg. 

Boiled linseed oil.0*57 litre 

Raw linseed oil.0*57 litre 

Litharge.0 045 kg. 

(2) For exterior work 

Red lead.0 045 kg. 

White lead.4*5 kg. 

Raw linseed oil.2*27 litre 

Litharge. 009 kg. 


For ordinary works primer can be prepared on site by mixing 
red lead, raw linseed oil and turpentine in the ratio 0 71 kg. : 0*71 
kg : 1 litre. 

The priming coat is generally applied before fixing woodwork 
in position. 

4. , Stopping : This consists in filling up all nail holes, cracks, 
open joints, dents and other such defects with the putty. Stopping is 
done soon after the priming coat is dry. Before filling putty, the 
primed surface is rubbed down with pumice stone or glass paper. 
After the putty has dried, the surface is once again rubbed with 
glass paper or pumice stone to level the same. The putty should be 
made by mixing powdered chalk with pure linseed oil to the 
consistency of a paste, well kneaded and worked, till smooth and soft. 
It should be coloured to match the shade of the finished coat. 

5. Second and succeeding coats or under-coatings.^ After 
the primary coat is dry, second coat or under coatings are appli^ ^ 
tne primed surface. The colour of the under-coat should be 
approximately be of the same shade as that of the desired finish. It 
should be a thin opaque film, free from brush marks. Iwo or 
under-coatings are sometimes necessary to achieve the object. The 
final appearance of gloss and durability of the finishmg coats 
depend very much upon the quality of nnder-coating. Sufficient 
time must be allowed for each coat to dry before applying the suc¬ 
ceeding coat. For good results, the dry coating is rubbed down with 
pumice stone or glass paper and cleaned before applying the 
succeeding coats. 

6. Finishing coat. This is the last coat applied on the surface 
after the under-coat is properly dry. This coat is applied very 
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carefully in a workmanlike manner, so that the finished surface is 
free from thin patches and brush marks. 

23 ] 1 Painting Old Wood-Kvork, In case the old paint is 
in good condition but dirty and its removal is not considered neces- 
pry, the surface should be cleaned of all dirt and grease by washing 
it with lime and water. The cleaned surface is rubbed with pumice 
stone and the holes and cracks, if any, are filled with glazier’s putty 
or wood putty. 

If the old painted surface is in bad condition and the paint 
has badly blistered and flaked, it should be completely removed by 
use of a blow lamp or . one of the patent paint removers. While 
remo\dng paint with a lamp, care should be taken to see that 
neither the paint nor the background gets charred and the flame 
is played upon the surface in such a manner that the paint only gets 
soft. The softened paint i.s then removed with a stripping knife 
following the flame as it is moved up the surface. Paint remover 
should be used in places where removing the old paint with blow 
lamp is not considered desirable. The paint remover is applied on 
the surface with a brush. Under the action of the paint remover, 
the paint film will lift "up and wrinkle and can be easily removed 
with the help of a sharp instrument. 

Old paint can also be removed by applying caustic soda solu¬ 
tion (formed by dissolving caustic soda with 48 times its volume of 
water), on the surface and then stripping it with a sharp instrument. 
After removing the old paint, the cleaned surface is given two or 
three coats of the paint to obtain the desired finish. 

2312 Painting Iron and Steel Work. Prevention of rust 
is one of the iraportants requirements of painting on metal surfaces. 
Painting on steel, iron, etc., requires utmost care in the preparation 
of the surface for painting. 

The mill scale and rust is removed by scrapping or brushing 
with steel wire brushes while the oil, grease and dust may be 
removed by W'ashing the surface with petrol, benzene or lime water. 
The clean surface is then given the priming coat which usually 
consists of an oxidc-of-iron paint. Priming coat consisting of red 
lead is considered to be the best. Two or more coats of the desired 
paint are then applied over the primed surface with a brush or by 
spraying. Care should be taken to see that each succeeding coat 
is applied only after the previous coat has dried completely. For 
repainting iron or steel, the same procedure as given in repainting 
old wood work is adopted. 

23*13 Painting of Galvanised Iron Work. Galvanised iron 
is one of the most troublesome metal surfaces to paint. This is on 
account of the adhesion difficulty the surface offers, when organic 
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linishes are used. Galvanised iron should not preferably be painted 
until it has been exposed to weather for a year. This is done be¬ 
cause after sufficient weathering the zinc coating on the galvanised 
surface gets oxidised, forming a thin film of zinc oxide on the surface 
to which paint easily adheres. If, however, weathering before paint¬ 
ing is not possible from consideration of time factor, the new gal¬ 
vanised surface is treated with (t) a solution prepared by mixing G oz. 
of copper acetate in a gallon of water (38 2 gm. of cop’per acetate in 
a litre of water) or {ii) with a solution prepared by mixing 2 oz. of 
hydrochloric acid in a solution of 2 oz. each of cojjpcr chloride, 
copper nitrate and ammonium chloride dissolved in a gallon of water. 
The quantity of solution thus formed will be sufficient to cover an 
area of 233 to 279 sq. m. The galvanised iron surface treated with 
either of the solutions gets black (due to chemical reaction of copper 
present in the solution oh zinc) and ensures proper adhesion of paint. 

A priming coat consisting of red lead mixed with linseed oil and 
turpentine in equal proportions is then applied on the treated 
surface. When priming coat is dry, the surface can be coated with 
desired oil paint. 

2314 Painting Plastered Surface. The greatest danger 
in painting plastered surfaces, particularly if they are relatively 
fresh, is the free alkalies present in the lime or cetaent. Tlie free 
alkalies discolour the paint, destroy its oil and adversely affect the 
drying properties of the coating. Therefore, preparation of the sur¬ 
face before painting is extremely important. The plastered surfaces 
should ordinarily be not painted until it has dried completely. If 
possible leave the walls unpainted for at least first 12 months, so 
that they may dry out completely. The walls may, however, be 
white-washed or colour-washed for this duration. In new work, 
however, the surface should be washed with a dilute solution of zinc 
sulphate to neutralise the free lime on the walls. Before primer is 
applied, the holes and undulations should be filled up with plaster of 
Paris and surface rubbed smooth. Primer for plaster work may be 
prepared by mixing equal parts of white and red lead in boiled 
linseed oil. After the primed surface has dried, two or more coats 
of the desired paint may be applied in the usual way. 

With the advent of emulsion paints, new plastered surfaces can 
be painted quite easily. These paints have good alkali resistance and 
sealing properties. Being permeable to moisture emulsion paints can 
be applied on wet surfaces. The emulsion paint dries on the rva- - 
poration of the water in the paint and the dried film gets hard. The 
next coats are then applied to get a flat velvety-smooth finish. 

23T5. Painting Damp Walls. Take a mixture consisting of 
11*14 litres of parafin, 9 litres of benzoline and 6*4 kg of pale resin 
in a vessel and shake them well, so that they get completely dissol¬ 
ved. Add 11 kg of whiting (powdered chalk) to the mixture and 
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Fig. 231 


Fig. 1. Scrapping tool. 

Fig. 2. (Paint brush. 

Fig. 3. Sash brush. 

Fig. 4. Burning stove. 

Fig. 5. Varnish brush. 

Fig, 6. Distemper brush. 

Fig:57. White-colour wash brush. 
Fig. 8. Wall paint brush. 
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■grind it well. The paint thus formed may be applied in one or more 
coats on damp walls in the usual manner. On drying, it will form a 
dry hard film on the surface painted. The mixture is kept air-tight 
to prevent drying. ° 

2316. Painting with Brushes. A good brush should'have 
5 pringine.ss in the bristles. Any new brush may have loose bristles. 
Prior to painting, the loose bristles should be removed by tapping 
the brush gently against the palm of hand, twirling it rapidly bet¬ 
ween the palms of hand and finally putting the loose bristles out. 
The brush should not be dipped too'deeply in the paint, and the 
excess paint should be removed by gently rubbing the brush against 
the inside surface of the paint pot. After use, the brushes should be 
cleaned very thoroughly with kerosene oil. When a brush has been 
cleaned and is not to be used again, it should be immediately wrap¬ 
ped in an ivory paper or kept in raw linseed oil so that only the 
bristles are covered by the oil film. 

23T7 Spray Painting. Painting with the spray gun is 
considered to be a highly developed and efficient method of applying 
all type.s of protective coatings. It results in rapid execution of work. 
There is also economy in labour and the consumption of material as 
only two coats of spray arc considered sufficient to obtain the desired 
finish. For elegance, perfection and durability spray painting is 
recommended on metal or woodwork. In brief, the operation of the 
•spray machine may be summarised as below. 

The ''paint is put into container and forced by air pressure 
through a hose to a metal gun. The gun is provided with a spray 
nozzle and a hose conveying compressed air. When the trigger of 
the gun is pulled, both the air and the fluid valve gets opened. The 
compressed air strikes the paint and converts the liquid fluid into 
atbmizcd paint, which is forced out in the form of a spray, from the 
nozzle. 

In operating the spray gun, care should be taken to sec that 
the spray is at right angles to the surface and at all times the gun is 
kept at the same distance from the surface to be painted. This 
distance may vary from 15 to 20 cm. 

VARNISH 

23T8, General. Varnish is a clear, pale solution of a resins"' ‘ 
ous substance (like amber, common resin, copal, lac or shellac) 
dissolved in either oil, turpentine or alcohol. The solution on dry¬ 
ing forms a hard, transparent, glossy film on the varnish surface. 
Varnish plays an important role in finishing wooden surfaces of 
doors, windows, floors etc. Varnish is applied on unpainted furni¬ 
ture and other woodwork to decorate the surface, without hiding the 
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beautiful grains of wood and to protect the surface against the 
adverse influence of the atmosphere. Painted surfaces are varnished 
to enhance the appearance of the paint and to increase the durability 
of the paint film. 

The preparation of varnish is a tedious job and as such as far as 
possible readymade varnishes should be used for all jobs. 

23 19 Types of Varnish. Depending upon the solvent used, 
varnishes may be classified as below : 

Oil varnish. It is a copked mixture of a drying oil (usually 
linseed oil) and resin (usually copal) dissolved in a volatile liquid 
thinner (turpentine or benzine). Oil varnish is used both for interior 
or exterior works. It takes about 24 hours to dry. 

Spar varnish : This derives its name from its utility on spars 
and other exposed parts of ships. It forms a weather-resistant 
coating when used on exposed surfaces like rail-road coaches, exte¬ 
rior wood work or metal surfaces. Spar varnish should not be used 
indoors as it gives a sticky effect in warm weather. 

Flat varnish : It is sometimes desired that the varnished 
surface should present dull appearance. To attain this, manufac¬ 
turers make varnishes which dry with a reduced gloss by adding such 
material as wax, metallic soap and finely divided silica. 

Asphalt vainish: This is made by dissolving melted hard 
asphalt in linseed oil and thinned with turpentine or petroleum 
spirit. The varnish is chiefly used to give a black shop coat to 
fabricated iron and steel products. 

Spirit varnish : This is a solution of a resin or other film¬ 
forming material dissolved in a volatile liquid. It dries quickly as 
the volatile liquid evaporates leaving behind the resin used, in the 
form of a hard glossy but somewhat brittle film. Spirit varnishes 
are mostly used for wooden furniture. French polish, Lacquer and 
Shellac varnishes fall in this category. 

23*20. French Polish. It is a spirit varnish. In its simplest 
form French polish is made by dissolving 0*15 kg. of pure shellac in 
1 litre of methylated spirit and straining the solution through a 
double thickness of coarse muslin. Suitable pigment may be added 
to get the required shade. It is mostly used for high class furniture 
and other wood work. 

MHhod of applying French polish : The wooden surface is 
cleaned of all dirt and dust and all unevennesses rubbed down 
smooth with sand paper. All the visible knots should be covered 
with a preparation of red lead and glue size laid on while hot. 
Holes and indentations on the surface should be stopped with 
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glaziers putty. The surface is then given a coat of wood filter made 
by mixing whiting (ground chalk) in methylated spirit at the rate of 
15 kg. of whiting to 1 litre of spirit. The surface is again rubbed 
down perfectly smooth with glass paper and wiped clean. On this 
prepared surface, French polish is applied with a pad of woollen 
cloth covered by a fine cloth. The pad is moistened with the polish 
and then rubbed hard on the surface in a sreies of ovcr-lupping 
circles so that the polish is applied sparingly but uniformly over the 
entire area. The surface is then allowed tadry. Several coats will 
be necessary (each succeeding coat being applied in the same way 
after the previous one has dried) before desired finish is achieved. 

Furniture polish : The following mixture will make an excel¬ 
lent furniture polish: 


Material 

f^inseed oil ... •. • 

Methylated spirit... 

Vinegar 
Turpentine 
Copal varnish 

Muriatic (Hydrochloric) acid 


Qiy. required 
18-2 litre 
2-2 litre 
I'l litre 
1.1 litre 
I’l litre 
64 litre 


The oil should be heated first and then the remaining materials 
mixed up well. 

Lacquer : It is considered to be the fastest drying finish. On 
drying it gives tough and durable finish which is easy to rub, sand 
or patch. It can be applied on furniture, floors, linoleum etc. It 
performs the function of a varnish. Lacquers are available in a 
variety of colours and can be brushed or sprayed. Since they have 
low solid contents, the surface requires several coats to attain a film 
thickness equivalent to varnish or enamel coat. 

6tains : It is a liquid preparation which is used to change the 
colour of various types of cheap quality wood to give them the 
appearance of wood of superior quality. Dyes are’the basis of most 
stains. Aniline a derivative of coal-tar is the base generally used in 
stains. The stains are named after the vehicle with which they arc 
applied. Thus when water is used as vehicle it is called water stain 
and if oil is used, it is called oil stain and if alcohol is used for 
dissolving the dye, it is called spirit strain. 


Water stain is the cheapest and can be applied easily. If 
applied on wood work water stain causes the fibres of wood to rise 
and makes the coated surface rough which is not desirable. Spirit 
stains on the other hand dry very quickly and require skilled painter 
to apply them satisfactorily. Oil stains are generally prepared by 
mixing pigments like chrome yellow, burnt sienna, umber etc. to 
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this oil together with some proportions of turpentine and a drier. 
Oil stains are coi^sidered most suitable, for coating hard wood 
surfaces. 

23*21 Method of Applying Varnish. Ailer knotting and 
stopping, the prepared wood work should be treated with glue 
sizing to seal the pores in wood and to prevent absorption of the oil 
in the varnish by the surface. The treatment consists in applying a 
hot coat of thin clean glue. When dry, the surface should be rubbed 
down smooth with sand paper and cleaned. A second coat of thin 
clean glue size (which is nearly cold) is then applied on the surface. 
If the wood work is to be strained the colouring pigment should be 
mixed with second coat of glue size. The sized surface is again 
rubbed down smooth with a fine sand paper and cleaned. Two or 
more coats of varnish are then applied on the cleaned surface. 
Usually the under-coat consists of a flat varnish. This coat, when 
dry, is rubbed down to produce a smooth surface and then the 
second coat of varnish is applied. 

DISTEMPERS 

23'22 General. Distempers may be defined js water paints 
consisting of whiting (powered chalk), some colouring pigment (if 
desired) and glue size mixed in water. Distemper may give either 
a wasliable or non-washable surface according to the medium used. 
They are cheaper than paints and varnishes and ar6 easier to 
worL 1 hey act as sealers over porous surfaces and are generally used 
over plastered surfaces to which a priming coat of whiting has been 
applied. Distempers for exterior use on cement concrete, stucco and 
brick surfaces are provided with weather resistant ingredient during 
the process of manufecturing. They are more durable and present 
smoother and distinctive appearance than an ordinary colour-white 
wash. The cost of distempers compares favourbly with that of 
white-wash in the long run and hence its application should be 
given preference It should only be used in dry climates as in wet 
conditions, it gives poor results. Ready mix. washable distempers 
are now available in a variety of different shades in the form of a 
stiff plaster or dry power in sealed tins. 

23 23 Distempering %vith Dry Distemper. The new plaster 
is allowed to dry for at least two months before applying distemper. 
However, in case of old surfaces, all dust, dent and scales and 
greasy marks should be removed and ail the holes and cracks 
^ould be filled with plaster of paris mixed with dry distemper of the 
colour to be used. A coat of whiting is then applied over the pre¬ 
pared dry-clean surface which acts as the priming coat for the 
distemper. The dry distemper is then-converted into a liquid by 
mixing it with water and stirring it well. As a rule O S litre of water 
should be used per kg. of distemper. Distemper is then uniformly 
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applied over the entire surface with broad stiff distemper brushes in 
horizontal strokes followed immediately by vertical ones. Second or 
third coats should only be applied after the previous coat has dried. 

On newly-plastered walls, distemper should be applied in at 
least two coats. When the old unplaned surface is very smooth and 
is in good condition and priming coat is not felt desirable, a coating 
of warm glue should be applied prior to the application of 
distemper. 

23*24 Oil Bovnd Distemper. It is a form of distemper in 
which the drying oil is rendered mixable with water. The distemper 
in pasty form is available in different shades in sealed tins. When 
required, it is diluted or thinned with water. On driving, the oil 
■content of the distemper hardens and forms a durable coating 
which can be cleaned (when dirty) by washing. However, for oil 
bound, washable distemper, the surfece is given a coat of cement 
primer or any other primer recommended by the manui&ctures of 
the distemper. 

23*25 Casein Paints. Casein is a protein substance derived 
from milk curds. Casein paint is n^de by working a mixture of 
finely ground casein (which acts as a binder) with a base of white 
pigment which is usually slaked lime, and is sold in powdered or 
paste form in scaled tins. Casein paints, on account of their high 
opacity, give pleasing results in one coat. They are applied on new 
plaster without any danger of blistering, scaling or any adverse 
effect of free alkali. They are manufactured in various colours 
and are used on plastered surfaces, stucco, fibre board, cement 
blocks etc. 

WAX POLISHING, OILING & GLAZING 

23*26 Wax Polishing. Wax-polished surface gives a highly 
pleasing lustre. It is applied on varnished surface to modify its 
elegance, and to protect the undercoat. Wax polishing is mostly 
used for polishing cement concrete, mosaic or terrazzo Hoors. The 
polish may be prepared by mixing bees wax, linseed oil, turpentine 
and varnish in the ratio of 2 : 1 f i by weight. Bees wax and 
linseed oil arc first heated over a slow fire. When the wax is com¬ 
pletely dissolved, the mixture is cooled down slightly and turpentine 
and varnish are then added and the mixture well stirred. 

The polish is applied on the prepared wood-work, with a clean 
soft pad of cotton cloth and the surface is then rubbed continuously 
for about half ah hour. The second coats arc subsequently applied 
when the coat is dry and rubbed in the similar manner till the 
desired polished surface is obtained. 

23*27 Oiling Wood-Work. Oiling miy be done to wood¬ 
work to increase its durability and to make it app.;ar more pleasing. 
The oiling mixture miy be prepared as below : 
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A mixture of 1 35 kg. of double-boiled linseed oil and *45 kg. 
of bces-wax is heated over a slow fire till the wax is melted After 
the mixture has cooled, *45 kg. of turpentine is added to the 
mixture. The mixture is applied freely with brushes till the surface 
can absorb no more of the oil. This mixture when applied in two 
coats will cover an area of 72 sq. ra. of the surface. 

A mixture made by using country sweet oil to which equal part 
' of vinegar and turpentine have been added, may also be used for 
oiling wood work. 

23*28 Coal Tarring. Wood or iron work to be coated is- 
first cleaned of all dust, rust, scales etc. in the similar fashion as is 
essentially done before painting. The mixture is prepared -as 
described below: 

A mixture consisting of 2 lb. of unslaked lime and I gallon of 
tar is heated till it starts boiling. The hot mixture is thinned by 
addition of J pint of country spirit. The mixture is best applied 
while it is hot. When it is possible to remove iron-work, it should 
be (if possible), heated to nearly red hot stage and then brushed over 
with the prepared hot mixture of coal tar. However, if this is not 
possible, the hot mixture of coal tar is applied with the help of a 
brush on the prepared wood or iron work. 

23‘29 Glazing. Glazing consists in fixing glass, to iron, steel 
or wood-work. Depending upon the size of the opening to be glazed 
glass panes, weighing not less than 5*5 kg./sq. m. should be used for 
area of opening upto one square foot. For area greater than 1 sq. 
foot, the thickness of the glass should be such that its weight is not 
less than 7-2 kg. per sq. m. The glass panes are so cut (with the 
help of a glaziers diamond) that they fit slightly loose in the rebates 
of the sashes. 

In wood work, the glass panes are generally fixed with the 
help of glaziers putty (prepared by mixing one part of white lead 
with three parts mixture of finely powered chalk and then adding 
boiled linseed oil to the mixture which is finally kneaded into a stiff 
paste). 

The glazing is done only after the frames have been primed 
and prepared for painting, so that the wood may not absorb the oil 
of putty. 

A thin layer of putty is first applied along the inner edge of 
the rebate, for bedding the back of the glass panes. Glass pane i.s 
then put in position and secured in position by brads (small nails 
without head). Putty it then applied in the rebate, uniformly slop¬ 
ing from the inner edge of the rebate. If desired, panes may also 
be fixed with wooden beading having mitred joints. 
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23'30 Glazing Steel Frames. In glazing steel doors, 
windows etc., the glass used should not in any case weigh less than 
6-9 kg./ sq. m. Special metal sash putty (prepared by adding gold 
size varnish to glazier’.? putty for wood work at the rate of •5’64 litres/ 
100 kg. of putty), should preferably be used for fixing glass panes. 
Prior to fixing the glass pane, putty is applied between the glass 
pane and glazing bars and the glass pane is put in position. Putty 
is then applied over the glass pane which is stopped TS mm. from 
the sight line of the back rebate. Putty should normally be painted 
within 3 weeks to avoid its cracking. 

Questions for Revision 

1. What are the chief constituents of an oil paint? Explain the 
functions of each. 

2. Name the constituents and state the uses and methods of application 

of the following : 

{a) French polish. 

(6) Wax polish. 

(c) Distemper. 

(d) Painler*s brushes. 

3. What are varnishes ? Write short notes on the following : 

(a) Oil varnish. 

{b) Spar varnish. 

(c) Flat varnish. 

* (d) Asphalt. 

(e) Spirit varnish. 

4. Write short notes on any four of the following : 

(a) Anti-corrosive paints. 

{b) Bituminous paints. 

(c) Double-boiled linseed oil. 

(d) White-lead. 

(e) Lithopone. 

(/) Puppy oil. 



24 

Plain Cement Concrete 


24*1 General. Cement concrete may be defined as a building 
material obtained by mixing cement, aggregates and water in suit¬ 
able proportion and tlien curing this plastic mixture to a hard mass. 
Plain cement concrete is considerably stronger in compression and is 
commonly used in the construction of columns foundation, bed 
blocks, massive gravity dams, heavy foundations, etc. The chief 
ingredients of concrete have been described in detail below. 

24 2 Cement. Portland cement is generally used in all types 
of concrete works. Cement is manufactured in a variety of forms 
these days. The selection of a particular type of cement to be used 
depends upon the type of structure, the conditions under which the 
construction is to take place and the strength desired. The cements- 
differ in forms on account of their chemical composition and degree 
of fineness to which they are ground. ' * 

24'3 Properties of Cement. The important properties of 
cement can be classified under the following heads : 

(1) Rate of setting. 

(2) Rate of hardening. 

(3) Heat evolution. 

(4) Resistance to chemical action. 

(1) Bate of eetling : Setting is a phenomenon by virtue of which 
the plastic cement paste changes into a solid mass. Initial set is the 
term which is applied to that stage of this phenomenon at which any 
cracks that may appear will not reunite. Final set is the term which 
relates to the completion of this phenomenon. The rate of setting is 
the governing factor for the mixing, transportation, placing and 
compaction of concrete. For ordinary portland cement, the initial 
setting time should not be more than 10 hours. Similarly, for quick 
setting cement, the initial setting time should not be less than 
5 minutes and the final setting time should not be more than 
30 minutes. 

(2) Bate of hardening : It is a phenomenon by virtue of which» 
the concrete mix, which is finally set, develops strength. Harden- 
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lug proceeds at a rapid rate during the first few days and afterwards 
it continues to increase at a diminishing rate. The rate of hardening 
governs the time up to which the formwork should be kept in position 
and the time after which the structure should be loaded. 

(3) Beat evolution : The setting of cement is the result of a 
chemical action of cement with water. During the process of 
setting, cement chemically reacts with water and heat is generated. 
The evolution of heat affects the rate of hardening. The rate of 
hardening is directly proportional to the generation of heat. Evolu¬ 
tion of heat is an advantage in normal works and it is a disadvantage 
in works of massive' nature. 

(4) BesUtance to chemical action : Concrete may be subjected 
to chemical action cither by its being in contact with ground or 
water or on account of the spilling of corrosive liquids on its surface 
during the usage of the structure. The resistance' of cement to 
chemical action varies with the type of cement and as such suitable 
type of cement should be used where such actions are susceptible. 

24*4 Types of Cement. The various types of cement com¬ 
monly used are given below : 

(а) Normal setting cement. 

(б) Rapid hardening cement. 

(c) Qiiick-setting cement. 

(d) High alumina cement. 

(р) White and coloured cement. 

fa) Normal setting cement: This is the type of cement which 
is commonly used in all types of structures which require no special 
consideration. 

(/>) ffapid hardening cement: Tt is the type of cement which 
acquires its strength at a much rapid rate and as such it is common¬ 
ly termed as high early strength cement. Its ultimate strength is 
just the same as that of normal setting cement and its initial and 
final setting time are a little more than the latter. The advantages of 
this cement over the normal setting cement are that the formwork 
can be removed earlier and the structure can be loaded shortly after 
erection. 

(с) Quick-setting cement : The initial setting time for this typo * 
of cement is only 5 minutes and the time for final set is 30 minutes. 
The quick-setting time of the cement spares very little time for 
mixing, placing and compacting and as such its use is generally 
restricted to marine or tidal works. 

(d) High alumina cement : This cement is made by fusing 
together a mixture of lime stone and bauxite and then grinding the 
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product to a tine powder. Concrete made with high alumina cemeni 
has a high early strength and is resistant to the attack of sulphates. 
This type of cement is highly resistant to heat, chemicals and other 
corrosive acids and as such it is particularly used for str uctures 
subjected to the action of sea water, chemicals and other such agents. 

(e) White or coloured cemeni : This is similar to normal 
Portland cement, the shade of the colour being the only difference. 
White cement is made from raw materials which do not contain iron 
oxide. Coloured cements are made by adding suitable mineral 
pigment to either white or grey cement. 

24 5 Aggregate. Aggregate is derived from igneous, sedi¬ 
mentary and metamorphic rock or is manufactured from clays, slags 
etc. The properties of concrete are directly related to those of its 
constituents and as such aggregate used in a concrete mix should be 
hard, strong, durable, free from clay, loam, vegetable and other such 
foreign matters. The presence of clay, or dirt coating prevents the 
adhesion of cement on the surface of the aggregate and ultimately 
retards the setting and hardening of the cement. 

Depending upon their size the aggregates arc classified as : 
(t) fine aggregate and (ii) coarse aggregate. 

Fine aggregate. The material below 4'75 mm size is termed 
as fine aggregate. It should not contain more than 1 to 8% of fine 
particles, which may pass through I.S. sieve No. 15. Natural .sand 
is the fine aggregate ehiefiy used in concrete mix. Sand may be 
obtained from sea, liver, lake or pit, but when used in a concrete 
mix, it should be properly washed and tested to ascertain that it is 
free from clay, silt, salts and other such organic matter. 

Coarse Aggregate. The material whose particles arc of such 
size as are retained on I.S. sieve No. 480 (4 75 mm. is termed as 
coarse aggregate). The size of the coarse aggregate used depends 
upon the nature of work. The maximum size may be 20 cm. for' 
mass concrete, such as dams etc. and 6 cm. for plain concrete 
work For R.C.C. construction the maximum size of the coarse 
aggregate is limited to 25 mm. although 20 mm. size of aggregate is 
commonly adopted. The aggregate used in cement concrete work 
are briefly described below. 

Crushed hard stone and gravel are the common materials used 
as coarse aggregates for structural concrete. Coarse aggregates are 
usually obtained by crushing granite, gneis-s, crystalline lime stone 
and good variety of sand stone etc. Broken brick is a cheap aggre¬ 
gate for plain concrete, but it renders the mix, weak in strength. It 
is not used in R.C.C. work on account of the possibility of the 
reinforcement getting rusted due to the high porosity of the 
-aggregates. Clinker slag, coal ashes, coke-breeze are aiso used as 
aggregates for light weight and insulating concrete where great 
strength is not desired. Gravel as obtained from pit or river or 
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crushed stone contains high percentage of fine material and in this 
state it is only used for unreinforced work. 

Sand is commonly used as fine aggregate in R.C.C. work. 
Sand may be obtained from sea, river, lake or pit. Sea sand shou'd 
not be used in its natural state for R.C.C. work, as the salts present 
in the sea water are liable to attack the steel reinforcement. River 
sand is usually suitable but mostly it is contaminated with mud and 
thus it is always advisable lo wash such sand before use. Pit sand 
is generally suitable, but it is liable to contain silt or other organic 
impurities. Hence before using -the pit .sand in important work, all 
its impurities must be removed. Sand as obtained from the above 
sources may be round or angular in grains. Angular grained sand 
has good interlocking property which results in a strong mortar 
while rounded grained sand does not afford sufiicient interlock in the 
matrix. 

24*6 Bulking of Sand. When dry sand comes in contact 
with moisture or water, thin film is formed round the particles which 
causes the particles to get apart from each other. This results in an 
increase in volume of sand. The volume of damp sand may exceed 
by more than 30% the volume of the same sand when dry. This 
phenomenon is known as bulking of sand. Bulking of sand increases 
with addition of water up to about 5% by weight. Further addition 
of water causes the films round the particle to break and thus the 
volume of sand gets reduced. It is impoitant to note that dry and 
fully saturated sand occupy the same volume. 

24'7. Water. Water to be used in the concrete work should 
have the following properties : 

(0 It should be free from oils. 

(ii) It should be free from acids or alkalis or other such organic 
or inorganic impurities. 

{Hi) It should be free from iron, vegetable matter, or any other 
substance which is likely to have adverse effect on concrete or re¬ 
inforcement. 

{iv) It should be fit for drinking purposes. 

Function of water. The functiop of water in the concrete mix 
may be summarised as below : 

(i) It acts as lubricant for the fine and coarse aggregates. 

' !• 

{ii) It acts chemically with cement to form the binding pastfe 
for the coarse aggregate and reinforcement. 

{iii) It is necessary to flux the cementing material over the 
surface of the aggregate. 

(iv) It is employed to damp the aggregates in order to prevent 
from them absorbing water vitally necessary for chemical action. 

(t») It enables the concrete mix to flow into moulds. 
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24*8 Water Cement Ratio. The ratio of the volume of mix¬ 
ing water to that of cement is termed as water cement ratio. Water 
cement ratio is a yardstick to obtain a concrete mix of desired 
strength. The lower the ratio, the greater is the strength of the 
mix. A rich mix of concrete gives a higher strength than a lean 
mix, not because more cement is used but it is on account of the 
fact that concrete can be used with a lower-water cement ratio. 

24*9 Properties of concrete. Strength, durability and work¬ 
ability may be considered as the main properties of concrete. la 
addition, good concrete should be able to resist wear and corrosion 
and it should be water-tight, compact and economical. 

( 1) Strength ; The concrete must be strong enough to withstand 
without injury all the imposed stresses with the required factor of 
safety. When the concrete mix has been designed on the basis ol 
maximum permissible water-cement ratio keeping in view the require¬ 
ments of durability, it will develop the required strength if properly 
placed in position and cured. After placing, concrete should not be 
allowed to dry rapidly because moisture is very much essential for 
the development of its high strength. Curing temperature also has- 
a great effect on the strength development of concrete. To develop 
a given strength, longer time of moist curing is required at lower 
temperatures than is necessary while cui ing is done at higher tempe¬ 
ratures. According to I.S. 456-1964, various concrete mixes should 
have the following minimum compressive strength when cubes of 
size 15 cm. made out of the specimen concrete are tested a^ter 28 
days of mixing. The strength given in the table is in kg. per sq cm. 

TABLE 24*1 


Crude of concrete 

Comp, strength at 
preliminary test 

Comp, strength at 
works test 

1 

M 100 

135 

100 

M 150 


ISO 

M 200 

260 

200 

M 250 

320 

250 

M ?00 

380 

300 

M 350 

440 

350 

M 400 

500 

400 


Preliminary test : This is a test conducted in the laboratory on 
a specimen of the trial concrete mix designed and produced in the 
laboratory itself. 

Works test : 1 his is a test conducted on a specimen, out of 
the concrete, actually being used on the works. This test may be 
conducted either in the field or in the laboratory. 
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(2) Durability : It is the property of concrete by virtue or 
which it is capable of resisting its disintegration and decay which 
may be caused due to— 

(o) Use of unsound cement. 

(6) Use of less durable aggregate. 

(c) Entry of harmful gases and salts through the pore.s and 
voids present in the concrete. 

(d) Freezing and thawing of water sucked through the crack or 
crevices by capillary action. 

(«) Expansion and contraction resulting from temperature 
changes and alternate drying and wetting. 

Thus concrete can be made more durable by using good quality 
of materials (cement and aggregates), by reducing the extent of voids 
by proportionating the materials suitably and by ensuring its thorough 
mixing, desired placing, compaction and. curing. 

(3) Workability : Despite all its importance, workability is the 
most elusive property of concrete and is quite diiTicult to define and 
measure. ' In the simplest form a concrete is said to be workable if 
it can be easily mixed, handled, transported, placed in position and 
compacted. 

Lubricating effect of the cement-paste which in turn is solely 
governed by the degree of dilution, effects the workability of a 
concrete mix. A workable concrete mix must be fluid enough so 
that it can be compacted with minimum labour. A workable con¬ 
crete does not result in bleeding or segregation. Bleeding of concrete 
takes place when the excess of water in the mix comes up at the 
surface and segregation is caused when coarse aggregates have a 
tendency to separate from the fine aggregates. Workability of a 
concrete mix is appreciably affected by the following : 

{i) By reducing the proportion of coarse aggregate. It should 
be well understood that the finer is the grading, the greater will be 
the workability. * 

(it) Shape of the aggregates has a great effect on the work¬ 
ability of concrete. Rounded aggregate renders a concrete mix 
more workable than the angular one. 

{in) By increasing the quantity of water to such limits that the 
water cement ratio is maintained. 

(it>) By increasing the quantity of cement. 

(t>) By the process of mixing. 

Evidently, the requirement of workability varies according to 
the nature of job and the obstruction to the full flow of concrete 
caused by the spacing and nature of reinforcement. The workability 
of concrete is normally measured by the slump test. 
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24*10 Slump Test. The test is performed with the help of a 
vessel of the shape of the frustum of a cone and open at both ends. 
The top and bottom diameter of the vessel should be 10 cm. and 
20 cm. respectively and it should be 30 cm. in height. The vessel is 
placed on a flat non-absorbent surface and then filled with specimen 
concrete mix in four different layers of equal-thickness. Each layer 
is tamped 25 times by the point of a 16 mm. <f> rod 60 cm. in length. 
The strokes are applied uniformly over the entire area with a force 
that the rod just penetrates the full depth of the layer being compac¬ 
ted. Immediately after the vessel is completely filled, it is raised 
vertically, care being taken not to disturb the filling. The concrete 
filling is allowed to subside or settle. The vertical settlement recorded 



Fig. 24*1 
Slump test 

in terms of mm. is known as slump. The table below gives the values 
of slump usually adopted for various type of concrete. 

TABLE 24*2 

SLUMPS COMMONLY ADOPTED FOR VARIOUS CONCRETE MIX 


S. No. 

Type of concrete 

Slump adopted in mm. 

1 

Concrete for road works 

20 to 28 

2 

Ordinary R.C.C. work 

Oto lOQ 

3 

Columns, retaining walls and thin 

75 to 175 


vertical members, etc. 

12 to 25 

4 

Vibrated concrete 

5 

Mass concrete. j 

25 to 50 


24* It Measurement of Materials. In order to obtain the 
concrete mix of desired consistancy or workability, the components 
of the mix must be accurately measured. 

Measurement of cement : The measurement of cement by 
volume should never be allowed. It is on account of the fact that 
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the quantity of cement when loosely filled in a container weighs less 
tlian the cement filled tightly in the same container. It has been 
observed that one cu. m. of loosely filled cement weighs 1120 kg and 
the same volume weighs 1602 kg. when cement is filled by lamping. 
Thus cement should always be measured be weight. 7'hi's can be 
done cither by making one bag of cement weighing 50 kg. as a 
standard unit or by actually weighing the cement. 

Measuremf-nt of sand: Due to the bulking of sand, its 
measurement requires careful consideration. Sand containing about 
80 kg. of water per cu. m. may result in an increase in volume upto 
an extent of 30%• Thus in measuring sand, allowance should be 
made for its bulking. 

Measurement of coarse aggregate : Coarse aggregates may be 
measured by volume or by w^ght. In case of wet aggregate, 
allowance for water should be nShde while determining the quantity, 
of water to be used in the mix. 

Water : It may be measured by volume or by weight. For 
hand mixing, water may be measured in a can or other suitable 
container. In large works where mechanical mixers are employed 
for mixing the concrete, the calculated quantity of water is automati¬ 
cally discharged into the mixer through a syphon system connected 
to a water tank. 

In general practice, however, for small or medium works 
measurement of material is done by volume as it avoids the use oi' 
costly measuring apparatus and prevents loss of time measuring the 
materials. For large and important works the measurement of 
materials is done by weight as it obviates the errors in measurement 
of material by volume. 

24'12 Grading of Aggregates. It consists in proportionating 
the fine and coarse aggregates in such a ratio, so as to get stronge.st 
and the densest mix with the least amount of cement. Grading of 
aggregates requires careful consideration. The aggregates are so 
graded as to have minimum air voids when mixed. The condition 
can be satisfied only when the quantity of fino aggregate is just 
sufficient to fill the voids of coarse aggregates and the quantity of 
cement is also just sufficient to fill the voids in fine aggregate. The 
aggregates, when mixed in above proportion with the required 
quantity of water should render a concrete mass of easy workaoility. 
In general the volume of coarse aggregate is taken about twice that, 
of the fine aggregate. This ratio may however be varied to obtain 
maximum workability with minimum quantity of water. Thus the 
proportions of ingredients of concrete have to be altered to obtain 
the concrete of desired strength, durability and workability. The 
proportions of different aggregates to be adopted in a particular type 
of concrete mix are usually determined by the following methods : 

(i) By trial. 
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(it) By fineness modulus method (Sieve analysis method) 

(tit) by minimum voids method 
(tv) By arbitrary standards 

(i) By Trial : This method is based on the fact that a con¬ 
crete mix which has been formed by so proportionating its aggre- 
•gates as to give heaviest weight for same volume, yields the densest 
concrete. Hence in this method a box is filled with varying propor¬ 
tions of the fine and coarse aggregates. The proportion which gives 
heaviest weight will produce the densest concrete. 

(u’) By Fineness modulus methods : (Sieve analysis method): 
In this method the samples of both coarse and fine aggregates are 
passed through a set of nine standard sieves and the percentage of 
the sample retained on each of the said sieves is determined. ' The 
total of these percentages divided by 100 gives the fineness modulus 
•of the sample. Certain values of fineness modulus for the mixed 
aggregates have been accepted as giving the best results. Thus if p 
is the desired fineness modulus for a mix of fine and coarse aggregate 
and Pi and Pa be their respective fineness modulus, then the amount 
of the aggregate (tw) to be mixed with one part of coarse aggregate is 
given by the equation : 

Pa—P 
y) = Jll - C- 

P-Pl 

Example. To illustrate the above explanation we may consider 
two samples, one of coarse aggregate and the other of the fine aggregode. 
It is desired thad the aggregates should be so proportioned as to have a 
fineness modulus of The samples are passed through the set of 

nine standard sieves and th^ percentage retention on each sieve is record- 
ed in a tabular form given below. 


British Standards 
Sieve No. 


100 

52 

25 

14 

7 

3/16" 

3/8" 

3/4' 

ir 


Percentage Retention of 


Sample of Fine 
Aggregate 


Sample of Coarse 
Aggregate 



Total retention 


288 


644 
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Thus the fineness modulus of fine aggregate 


288 

100 


or s= 2 88 


and the fineness modulus of coarse aggregate 


664 

100 


or Pi =s 6 64 

As per formula, the amount of fine aggregate (w) to be mixed 
-with one part of coarse aggregate is given by 


Pi—p 

w = " — ~ 

P-Pi 

6-64-5-.'H 

l-3_ 

~ 2-46 

• = 0 528 = 52 8 per cent. 

= 53 per cent, (say) 

The ratio of the fine aggregate to coarse aggregate 
= 53 : 100. 


(in) By Minimum voids method : This method is based on the 
lact, tiiat to obtain dense concrete the quantity of fine aggregate 
should be slightly in excess of the voids in the coarse aggregate and 
the quantity of cement should also be slightly more than the fine 
aggregates. In this method the voids in the fine and coarse aggregates 
are separately found out with the help of a graduated cylinder and 
water. In its simplest form the process of finding the voids consists 
of partially filling a graduated cylinder with water. Let be the 
volume of water filled. To this water a known volume of the speci¬ 
men aggregate say is added in the volume of the mixture 
recorded. Let the volume of the mixture be V. Then, percentage 
voids in the aggregate (x) is given by the equation : 

F—F 

X « X 100 

The concrete mix is finally decided by using approximately 
10% more sand and about 15% more cement than the percentage 
voids in coarse and fine aggregates. 

(iv) By Arbitrary Standards : It is commonly adopted method 
of proportionating the aggregates in a concrete mix for small work* 
of moderate importance. This method is, however; not recommended 
for large or important works, as the strength of concrete obtained is 
uncertain. In this method the volumes of cement, sand and coarse 
aggregate are taken in the proportions of 1 : n : 2» respectively. 
Thus by this method the proportion of aggregates in a concrete mix 
should be 1 ; 2 : 4 ; 1 : 2J : 5 ; 1 : 3 : 6 and so on. The quantity of 
water to be used is varied to suit the workability desired. The 
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proportions of materials in concrete mix for various classes of work 
are given in table 24'3. 

TABLE 24-3 

CONCRETE MIX FOR VARIOUS TYPES OF WORK 


S.No. 


Type of Work 


Mix recommended 


1 . 


2 . 


3. 


4. 


5. 


For rich mix concrete work in columns, 
beams etc. 

For water retaining structures, piles, pre¬ 
cast works or in situations where dense- 
concrete is desired. 

Reinforced cjnciete beams, slabs, columns, 
roads etc. 

Foundations for buildings; mass rein¬ 
forced concrete works ; machine foundations 
etc* 

For mass concrete. 


M 250 (1:1 ; 2) 
M 200(1 ; n ; 3) 

M 150 (1:2: 41 
M 100 (1 ; 3 : 6) 


1 ; 4 : 8 


2413 Mixing of Concrete. During the processor mixing 
great care is taken to ensure that the materials are maintained in a 
uniform condition. There are two difierent types of concrete mixing : 

{a) Hand mixing. 

{h) Machine mixing. 

(а) Hafid mixing : This method of mixing concrete is resorted 
to when the quantity of concrete to be used in a work is insufficient 
to warrant the necessity of machine. This method is used with 
advantage in places w4ierc machinery cannot be used on account of 
their non-availability or in works near a hospital where noise of 
machine is not de.sirable. Hand mixing is done on a clean, hard and 
impermeable surface. Cement and sand are first mixed with the 
help of shovels until the mixture attains a uniform colour. Aggre¬ 
gates arc then added to this mixture and the whole mixture is then 
turned by shovels until, the stone pieces are uniformly spread 
throughout. After this computed quantity of water is poured into 
the heap from a can fitted with a rose. The mass is then turned 
until a workable mixture is obtained. 

(б) Machine mixing : The machine used for mixing concrete is 
tenned as concrete mixer. Two types of concrete mixers are in 
common use : 

(i) Continuous mi-xers. 

{ii) Batch mixers. 

Continuous mixers are employed in massive construction where 
a large and continuous flow of concrete is desired. The process of 
feeding the mixing plant is more or less automatic. The machine 
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requires careful supervision so as to , obtain the concrete mix of 
desired consistency. 



Fig. 24*2 

Batch type concrete mixture 

In Batch type of concrete mixer, the desired proportions of 
materials are fed into the hopper of a drum in which the materials 
get mixed by the series of blades or baffles inside the mixer. Batch 
mixers are further divided into two main types—, tilting drum 
type and closed drum type. In the first type the components of 
concrete mix are fed in the revolving drum in a tilting position and 
after some time the concrete mix is discharged by tilting the drum 
in the opposite direction. In the latter type the drum remains 
rotating in one direction and is emptied by means of the hopper 
which tilts to receive the discharge. 

While using the mixer, coarse aggregates should be fed first 
sand and then cement should be put afterwards. In this revolving 
state the components get mixed while water is poured with the 
help of a can. The concrete should be mixed for at least 14 to 
2 minutes. 

24-14 Placing of Concrete. Concrete should be pla6ed and 
compacted immediately after mixing. The arrangement for the 
conveyance of the concrete mix should be so planned that the mixed 
mass is used within 30 to 40 minutes. This is necessary to prevent 
the danger of concrete getting its initial set. Thus the quantity of 
concrete prepared in one batch should be such that it can be used 
within the said period. Before laying concrete the shuttering should 
be cleaned of all dust or debris. In order to prevent the shuttering 
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absorbing the water from the concrete or getting stuck to it, a coat 
of crude oil or grease etc. is usually applied to the shuttering before 
concreting. In placing concrete, care should be taken to see that 
it should not be thrown from heights. Concrete should be laid in 
lavers 15 to 30 cm. in thickness, and each layer .should be properly 
compacted before laying the next one. 

2415 Consolidation of Concrete. Consolidation of con* 
Crete should proceed immediately after placing The function of 
con.solidation of concrete is to expel the air bubbles in the raa.ss and 
make it impermeable in addition to jts securing desired strength. 
The concrete ma.ss should be consolidated or compacted till the 
cream of the cement starts appearing on the surface. Over-compac¬ 
tion may lead to segregation of concrete while under-compaction 
may leave air-voids in concrete. Consolidation may be done by hand 
or mechanical device. 

Hand compaction may be done by roddmg, tamping or 
liarnmering. Tamping is usually adopted for compac ting concrete 
for slabs or other such surfaces ; rodding is done for thin vertical 
members while hammering is done for massive plain concrete 
works. 

Mechanical compaction is done by the use of vibrators. When 
vibrators arc used, concrete mix of lower workability should be used 
to obtain greater durability and higher strength. Vibrators are of 
tliree general types, (i) internal ; (ii) external ; (Hi) suriace. 
Internal vibrators are commonly used on large works for Hat surface 
(floor, slabs etc.) compaction. In this case, the vibrator is immersed 
in the full depth of concrete layer. External vibrators are placed 
ao-ainst the formwork and are only adopted for thin sections of 
rnembers or in place where internal vibrators cannot be used with 
case. Surface vibrators are generally employed in conciete road 
construction. 

24 16 Curing of Concrete. Curing of concrete is one of 
cnc essential requirements of the process of concreting. Curing is 
the process of keeping the set concrete continuously damp for some 
days in order to enable the concrete gain more strength. It has 
been established that the strength of concrete incre*ases with the age 
provided it is kept damp. During the process of curing the concrete 
absorbs the water necessary for its complete chemical action to 
reach its required strength. The strength of concrete increases more 
rapidly in the first few days after setting and afterwards the rate of 
increase in strength goes on retarding. The period for which curing 
should be continued dep,ends upon atmospheric conditions such as 
temperature, humidity and wind velocity. In general the process 
of curing should be continued for 7 to lO days. In cold weather, 
however, the concrete should be cured for at the least 14 days, as 
the rate of hardening of cement, is low in such conditions. EIHcient 
curing increases both impermeability and the durability of concrete, 
and as such it needs special attention when the concrete is exposed 
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to water pressure or severe wheather conditions. Correct curing also 
increases resistance of concrete to abrasion and reduces shrinkage. 
Curing may be done by adopting the following methods : 

(i) By covering the exposed surface with moist sand, earth, 
gunny bags etc. and sprinkling water at intervals to keep the 
covering wet. 

(i*) Floors or other horizontal surfaces may be cured b> 
impounding water in earthen or sandy bunds in squares over the 
entire area. The depth of water in the enclosed squares may be 
maintained 5 to 8 cm. 

{{it) Columns, walls or other such vertical surfaces are usually 
cured by wrapping gunny bags or canvas over the surface and keep¬ 
ing the wrapped material continuously wet by sprinkling water oi 
by some other means. 

It has now been discovered that during the process of curing 
increase in temperature increases the rate of increase in strength o 
concrete. This property is made use of in curing small prccasi 
members by steam. This enables the concrete to gain required 
strength in less time. 

24T7 Concreting Under Water. The deposition of concrete 
under water is a complicated problem. Concreting under water may 
be necessary in marine works or in case of deep foundations. A? 
there is a continuous danger of loss of cement and segregation ol 
concrete, placing of concrete under water is usually confined tc 
unrcinforced (plain concrete) construction. In case the site is sucl 
that the provision of cofferdams, or other such dewatering measures 
is not practicable, anyone of the methods mentioned below may be 
selected for concreting under water : 

(*) By tremie 

{ii) By skip or bottom opening bucket. 

(i) Tremie : Tremie is the name given to a steel pipe 15 tr 
30 cm. in diameter and sufficiently long enough to reach the bed o 
water shed keeping its one end above the water level. The pip< 
is fitted with a hopper at its upper end for pourig concrete insidi 
the pipe. The tremie is equipped with a check valve at its lowe 
end. When concrete is poured in the hopper of the pipe, it dis 
places the air and water from the pipe and reaches the bed. Durinj 
the process of concreting the tremie is gradually raised, keeping th( 
lower end of the tube submerged in the concrete mass already pour 
cd below. In order to compensate the possible loss of cement unde 
water, rich mix of concrete should always be used. Concrete thu 
laid under water should never be compacted or consolidated. 

(ti) Skip or bottom opening bnckets : Cubical hinged 
bottom bucket or cylindrical bucket equipped with a rolling gate o 
a skip, is also sometimes used for concreting under water. In eithc 
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case it is necessary that the bucket or skip is lowered to the bed of 
working place before the concrete is discharged. This is necessary 
to minimise the concrete loss during thef>rocess of placing. 

24T8 Water-proofing of Concrete. A well designed 
concrete mix properly laid, compacted and cured is in itself imper- . 
mcable. As far as possible the addition of water-proofing compounds 
should be avoided for normal working conditions. A dense concrete 
having minimum possible air voids shall, therefore, be the essential 
consideration in the making of damp-proof concrete. The following 
conditions should be satisfied to achieve the object: 

(i) Use the best available material. 

{ii) Proportionate the aggregates by fineness modulus method. 

{Hi) Use only as much quantity of water as is necessary to 
obtain the desired workability. 

(iv) Ensure complete mixing of the concrete. 

(v) Complete supervision during laying and compaction. 

(vi) Complete curing. 

However, in certain cases like water retaining structures ; 
^tructures in water logged ground or in damp atmosphere, it may be 
necessary to take further steps to ensure water-tightness. This 
includes the addition of certain water-proofing compounds like 
Permo, Pudlo, Sika etc., in the concrete mix, during the process of 



mixing. This is termed as integral water-proofing. The various 
other measures adapted to make the concrete impermeable are 
described in the chapter on “Damp-proof Course.” 

24T9 Joints in Concrete. The various types of joints in 
concrete work may be broadly split up into the following categories-* 
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(o) Construction joii4s . 

(5) Functional joints {expansion and construction joints). 

(o) Construction joints. These joints are essentially pro¬ 
vided when there is a break in the construction programme. As far 
as possible, the concreting work should be so planned that the work 
may be completed in one operation. If, however, the concreting 
must be stopped before the entire portion is completed and the 
already laid concrete has started setting or hardening, construction 
joints are unavoidable. Unplanned spacing of construction joints 
may lead to the failure of the structure. In general, the position 
and arrangement of construction joints should be decided before 
starting concreting. Tha best location of construction joints is given 
below : 

{i) For beam : The concereting may be stopped at the mid¬ 
span or over the centre of a column along a vertical plane at light 
angles to the length of beam. 



Fig. 24'4—24*5 

Fig, 24 4 Transverse expansion and constraction joint. 
Fig. 24'5 Longitudinal joint in concrete road. 



Fig. 24-6—24*7 

Fig. 24-6 Joint in deck of bridge. 

Fig. 24*7 Expansion joint in column. 
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Fig. 24*8 

Details showing various methods of providing expansion 
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(u) For slab : The concreting Jmay be stopped at mid*span 
of the slab or directly over the centres of the beams making a verti¬ 
cal joint at right angles to the span. 

(iit) For column : The concerting should be stopped a few 
cm. below its junction with the beam or to the bottom of haunching 
if any. 

In order to have a good bond between the old and the new 
work, the concrete surface previously cast is cleaned, roughened and 
thoroughly saturated with water and a coat of neat cement-grout 
applied. The new concrete is then deposited before the grout 
attains its initial set. 

(/>) Functional joints {expansion and contraction joints) : 
Functional joints, also known as expansion and contraction joints, 
may be necessary to render the structure safe against shrinkage, 
expansion, sliding and warping of concrete. This type of joints 
are made l)y forming continuous breaks in large continuous areas of 
the structure at suitable distances apart. These breaks permit the 
concrete to expand or contract freely without distorting the structure. 
The joints or breaks may be 6 to 38 mm. wide. The design and the 
centre to centre spacing of the joints depend upon various factors 
like nature of structure, nature of site, atmospheric conditions and 
type and quality of materials. 

24‘20 Form-Work. Centring, shuttering or formwork is a 
sort of temporary construction in wood or steel, erected to give the 
concrete its desired shape. The formwork must be strong enough 
to carry the weight of the wet concrete, impact due to consolidation 
and the load of workmen, without deflection. It should be rigidly 
braced so that it will not bulge or sag under the said loads. Timber 
is commonly used for the formwork on account of its property that 
it can be easily worked to any desired shape. Partially seasoned 
soft wood is considered best suitable for formwork. Hard wood is ex¬ 
pensive, heavy and difficult to work and hence it is not recommended 
for such works. The joints of the formwork should preferably be 
tongued and grooved so as to ensure water tightness and minimise 
the possibility of the slurry oozing out. If any crack in sheathing 
is detected after the formwork is ready for taking concrete, it 
should be remedied by filing it with clay or plaster of paris. 
Before pouring concrete, all forms should be cleaned of all dust, 
chips, etc. and rendered perfectly clean. The surface of formwork 
which is to come in contact with concrete is usually coated with 
crude oil or soft soap solution, to prevent the possibility or concrete 
getting stuck to it. The formwok should be removed with great 










554 


BUILDmO OOKBTIIUOTIOK 


care. It is important to supervise that concrete is not damaged as 
the formwork is being removed. The planks should be skilfully 



Figs. 24-11—24* 12 

V iew and sectional plan of formwork for a circular column 
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removed if possible without damage so that they may be used a 
number of times and effect saving in cost of formwork. The mini¬ 
mum period after which the formwork can be removed depends 
upon various factors as type of cement used, richness of the concrete 
mix, weather conditions etc. In any| case, the formwork should 
only be removed when the supported member attains sufficient 
strength to support its weight independently. In general, the form- 
work may be removed after the number of days indicated against 
various members in the table below. The period mentioned is suit¬ 
able for normal weather. 


TABLE 24 5 

NUMBER OF DAYS FOR REMOVAL OF FORMWORK 


Description of structural 
member 

Normal Portland 
cement 

Rapid hardening 
cement 

Beam sides, walls and 
mns 

colu- 

2 to 3 days 

2 days 

Slab (props left under) 


4 days 

3 days 

Complete removal of 
work for slab 

form 

10 days 

S days 

Beam soffits (props 
under) 

left 

days 

5 days 

Complete removal of 
work for beams 

form- 

2(days ^ 

8 to 10 days 

--- . .. A . 





•« 

24*21 Steel Forms. Mostly steel forms are used in large works 
where the forms have to be used a number of times. In normal 
practice, steel forms are fibricatcd from steel sheets strengthened 
with angle iron and are clipped together by keys and wedges. 

Advantages • The steel forms have the following advantages 
over timber work : 

(i) They are economical for large works, as there is no 
damage of any kind. 

(ii) They afford rapid erection. 

(m) They are not liable to shrinkage or distortion. 

(it>) They can he used a number of times. 

(r) There is no danger of formwork absorbing any moisture 
from concrete. 

They render the surface of concrete, smooth and well 
finished when removed. 

Unskilled labour may be used for their erection. 
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Figs. 24*15-24 16 

View and sectional plan of formwork for a haxagonal column- 
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Q,aestions for Revision 

1. What are the chief ingredients of plain cement concrete ^ DescHho 

in detail the properties of each. ‘ 

2. Write short notes on ; 

(/) Rate of setting of cement. 

(i7) Rate of hardening of cement, 

(/■«) Heat evolution of cement. 

(iV'l Resistance of cement of chemical action. 

3. Write short notes on ; 

(0 Normal setting cement. 

(//) Rapid hardening cement. 

(in) Quick-setting cement. 

(/V) High-alumina cement. 

(v) White and coloured cement. 

4. What influence do the following have on the istrength of cement 
concrete ? 

(/I Size of aggregates. 

(//) Shape of aggregates. 

(hi) Proportion of aggregates. 

5. What are the functions of water in a concrete mix ? Describe the 
properties of water which should be used to get good concrete. 

6. What do you understand by the terra 'bulking of sand’ ? Why does 
it occur ? How do you made allowance for it ? 

7. What do you understand by the term, “Water cement ratio” ? Explain 
1 ow the quantity of water affects the strength of a concrete mix. 

8. Write short notes on the following properties of concrete : 

(t) Strength. 

(//) Workability. 

9. ' What do you understand by slump testj? Describe the complete test 
in detail. 

10. How do you measure the following vin making a concrete mix ? 
Justify your mode of measurement: 

(/) Measurement of cement. 

(h) Measurement of sand. 

(hV) Measurement of water. 
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11. What effect do the grading of aggregates have upon a concrete 
mix ? Describe the grading of aggregates by the following methods : 

(/) By trial. 

({7) By fineness modulus method or sieve analysis method. 

(//<) By minimum void method. 

(/V) By arbitrary standard. 

Write the various methods of mixing concrete. 

13. Write short notes on : 

(0 Workability of concrete. 

(«) Water-cement ratio. 

(iVi) Slump test. 

(/V) Continuous mixers. 

(v) Batch mixers. 

14. What do you understand by the term ‘curing’ ? Why is it essential 
to cure concrete ? What are the various methods commonly adopted in curing ? 

15. What conditions should be satisfied to get a water-proof concrete? 
What are the different methods used in the water-proofing of concrete ? 

16 . What are the different types of joints commonly provided in cement 
concrete construction ? Describe them in brief, giving suitable sketches where- 
ever necessary. 

17. What do you understand by term ‘formwork’ ? Describe the 
following with sketches: 

(0 Formwork for square and round columns. 

(«) Formwork for beam and slab construction, 

(Hi) Formwork for R.C.C. stairs. 

18. Write short notes on : 

(i) Concreting under water. 

(lY) Proportionating of concrete by weight. 

(Hi) Rapid hardening cement. 

(iv) Water-cement ratio. 

(v) Workability of concrete. 

(v/) Measurement of coarse aggregates. 

19. Write an essay on causes of failure of concrete structures. 

20. What is the commonly adopted concrete mix for the following: 

(i) Concrete for water retaining structures. 
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(//) Concrete for beams, slabs and columns. 

(iii) Concrete for foundation of heavy machinery. 

(iV) Concrete for foundation of ordinary building. 

^v) Mass concrete work. 

21. Write the general specifications of following for R.C.C. work ; 

(0 Cement. 

(//) Sand. 

(///) Water. 

22. What do you understand by quality control of concrete ? A R.C.C. 
‘T’ beam roof over a hall 9 m. x9 m. with beams 3 m. centre to centre has to be 
laid. Explain how you will plaii to lay it giving particular reference to various 
types of joints necessary. Give list of labour and T & P you would ^arrange for 
the purpose. What will you do if your mixer suddeniy fails for that day after 
doing 25% of the work ? 

23. A hall 18 m. X 6 m. with masonry walls will have to be roofed by R.C. 
beams and slabs. The beams are 3 m. apart. Show by suitable sketches the 
arrangement of shuttering and formwork required during the construction of the 
same Assume suitable dimensions of beam and slab and design suitable 
sections of wooden props, rafters, planking etc. necessary for the formwork. 

24. Assuming that you are the architect of a large R.C.C. builiding in 
which the quality of materials, method of mixing and standard of workmanship 
ate of vital importance. Describe the precautions and investigations you would 
suggest when the work is in progress. 

25. Sketch the plan and sectional elevations, showing staging, centring, 
shuttering, etc. suitable for casting the roof of an auditorium 6 m, high, R.C. 
The beams are 75 cm. x 25 cm. wide. 12 m. in spans and resting on brick walls. 
The beams are spaced 3 m. centres. The roofing slab is 13 cm. thick. Give 
details of materials you would use showing only one bay. 

26. What is understood by “designing of a concrete mix” ? How is it 

done ? 


(a) Explain the design of such a mix. for an R.C.C. underground water 
tank. 

(h) How is the consistency of concrete determined ? Explain the method. 

27. Attempt any two of the following : 

(/) How would you proceed to work out the proportions of materials 
for a high grade cement of a particular strength ? 

(t’j) What is ^‘Vibrated concrete” and in what respect is it superior to 
ordinary concrete ? Describe different types of vibrators commonly used for 
concrete works of different types, 

(lYO Describe at least two methods fyou consider best for rendering 
concrete of a water-tank leaf roof. 
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28. Describe the importance of the following in R.C.C. work : 

(а) Water-cement ratio. 

(б) Bulking of sand. 

(c) Slump test. 

{d) Curing* 

29. What do you understand by a concrete of a constant workability and 
how do you measure the workability ? What are the different agents used in 
concrete as accelerators and retarders ? 


30. Sketch the formwork for R.C. beam and slab construction at a height 
of about 4 metres from the ground level. The beams are at 3 metres centres 
and have spans at 6 metres. Mention the size of timber used. 



25 

Reinforced Cement Concrete 


25*1 Definition. Though strong in compression concrete is 
extremely weak in tension. Its resistance to tension is so low that 
plain concrete can only be used where the member is in pure 
compression. Steel is equally strong in compression and tension, but 
it is apparent that while a long steel bar can develop its full strength 
in tension, it cannot resist equal amount of compressive force, owing 
to its buckling due to the slenderness. Thus the combination of 
concrete and steel has proved to be ideal, as the two materials are 
used to take up the stresses they are most suitable for. Such a combi¬ 
nation of steel and concrete is called ‘Reinforced Concrete’. 

25 2 Properties of Reinforced Concrete. The combination 
of steel and concrete becomes practicable or workable for the follow¬ 
ing three reasons : 

(1) The concrete while setting grips very fast the surface of the 
steel bars. Therefore the concrete is able to transmit to 
the steel bars those stresses which it cannot resist itself. 

(2) The coefHcients of linear expansion of concrete and steel 
are almost the same. Therefore, no internal stresses are 
set up within reinforced concrete due to variations in 
temperature. 

(3) The coating of cement grout on the surface of steel bars 
protects them from corrosion and does not produce an 
adverse chemical effect. 

25'3 Advantages of Reinforced Concrete 

(1) It is economical in ultimate cost. 

(2) Its monolithic character gives much rigidity to the 
structure. 

(3) It is durable and fire-resisting. It docs not rot or decay 
and is not attacked by termites. 

(4) It is almost impermeable to moisture. 

(5) The cost of maintenance of a reinforced concrete structure 
is almost nill. 
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(6) The materials used in the reinforced concrete constructions 
are easily obtainable. 

(7) The flexibility of the reinforcement and the fluidity of the 
concrete make possible the reinforced concrete meroben 
to be moulded in any desired shape. Thus reinforced 
concrete lends itself to a wide range of architectural 
expression. 

25'4 Basic Assumptions. The following assumptions are 
made for design purposes :— 

(1) A transverse section plain before bending remains plain 
after bending. 

(2) The moduli of elasticity of steel and concrete are constant. 

(3) All tensile stresses are taken up by steel reinforcement 
only and the resistance of concrete to tension is nil. 

(4) The bond between concrete and steel is supposed to be 
sufficient to make them act jointly to resist tensile or 
compressive forces. 

25'5 Why Steel Rods are used for Reiuforcement ? The 

fact which makes it possible to combine steel and concrete is that 
concrete contracts on setting in air. If a steel rod is embedded 
in a mass of wet concrete, it will be found that considerable force is 
necessary to pull it out when the concrete is set. If the steel rod be 
in the form of a plate, although it will resist removal when the 
concrete is set, yet it can be knocked off by sharp blows. In the first 
ease, the concrete grips the steel, while in the second it only adheres. 
The grip depends upon the quality of the concrete, whether it has 
been well or badly rammed round the rod. It depends upon the 
condition of the surface of rod, whether it is rough or smooth. 
Specially shaped bars have been introduced from time to time with 
the object of increasing the grip. It is on account of their superior 
bond value that the steel rods are used in the reinforced concrete 
construction. 

25*6 Causes of Failure of Reinforced, Concrete Struc¬ 
tures. A reinforced concrete member can fail mostly in the 
following cases : 

(1) When the member is subjected to excessive tension, so as 
to exceed the permissible stress in steel. 

(2) When the loading is such that the compressive stress in. 
concrete exceeds its safe permissible value. 

(3) When the concrete is subjected to excessive shear. 

(4) On account of the slipping of the steel bars from concrete. 

(5) Due to bad quality of material used, shrinkage, creep or 
thermal effects. 

(6) When the member is subjected to extremes of temperature, 
aggressive liquids or gases. 
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25'7 General Design Requirements. An efficient design 
of a reinforced concrete structure requires that the materials be 
economically selected, proportioned and arranged to carry the 
required loads without developing stresses which are in excess of the 
allowable working stresses. Due consideration should be given to 
the effect of continuity on the distribution of bending moments and 
shears due to monolithic construction. Correct estimation of all 
types of loads should be made before taking up the design proper. 
The design requirements may be summarised to the following 
general considerations : 

(1) Sufficient longitudinal reinforcements should be provided 
to take care for the direct tensile stresses caused by 
bending. 

(2) The sectional area of concrete should be sufficient to take 
care for the direct compressive stresses caused by bending 
moment. 

(3) Provision of sufficient anchorage for all reinforcement so 
that all bond stresses and anchorage requirements are met. 

(4) Sufficient shear reinforcements to keep the shearing stresses 
within permissible limits. 

Rostc Rules for the Design of Beams and Slabs 

Refer pages 333—339 of this book. 

Steps to he followed in the design of Slabs 

Refer pages 339—351 of this book. 

Steps to be followed in the design of Beams or lintels 
Refer pages 377—381 of this book. 

DOUBLY REINFORCED BEAMS 

25' 8 General. A doubly reinforced beam is a member 
which is reinforced both in tension and compression. A beam has 
to be doubly reinforced in the following cases : 

(1) When the depth and breadth of the beam are restricted 

and it has to resist greater bending 
moment than a singly reinforced beam 
of that section. 

(2) When the beam is continuous over 
several supports, the section of the 
beam at the supports is usually design¬ 
ed as doubly reinforced section. 

(3) IFhen the member is subjected to 
eccentric loading. 

(4) When the bending moment reverses 
according to loading condition, as in 
walls of storage reservoir, brackets, etc. 



Fig. 25-1 

Section of a 
doubly rein¬ 
forced beam 
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25'9. Steel Beam Theory. When the compression steel re* 
sists the whole of the compressive stresses, the maximum permissible 
stress in compression steel is the same as in tensile steel i.e., 1400 kg/ 
sq. cm. The design of such a beam is done by steel beam theory. 
According to this theory, equal area of tensile and compressive steel, 
is provided and the lever arm of the beam is the c/c distance 
between the tensile and compressive steel. The formula used to 
calculate the tensile and compressive steel is 

j - j ^ 

At - 1400(d-de) 

Where M .■« The B.M., the beam has to resist 

d—de = The c/c distance between the tensile and 
compressive steel. 

25*10 Formulae used in the Design of Doubly Reinforced 
Beam : 


( 1 ) 


= 


tti.d.t 


where Aij = the tensile steel required for the singly reinforced 
section. 

M' = the moment of resistance of the singly rein¬ 
forced beam of the given section. 

( 2 ) t{d-de) 

where At^ » extra tensile steel required to resist the balance 

ofB'M. 

(3) Total tensile steel required = 

(4) Total compression steel required 

mAtz id—n) 


25'It Steps to be followed in Design of a Doubly Rein¬ 
forced beam. 

(a) Calculate the moment of resistance of the given section of 
the beam by the formula 
M’ = Q.b.d^ 

{b) Find A ti, the area of tensile steel required to resist the 
above B. M. 



(e) FindJf-Jf' 

wherd M is the external bending moment the beam is 
required to resist. 
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{d) Calculate extra tensile steel, required to resist excess of 
bending moment by the formula 
. _ M-M' 

{d-dc)t 

where de is the distance of the compression steel from top 
of them. 

(e) Find total area of tensile steel required, given by 

At = At^ -\~Ai^ 

(/) Calculate the compressive steel required by equating the 
moments of the equivalent areas of compressive steel (^c) 
and extra tensile steel {A ) about the neutral axis. This is 
given by 

4 — ^'Aii (d—n) 

~ {m—l){n—de) 

DESIGN OF T-BEAMS 

2512 General. In T-beam design the slab which is to be 
supported by the beams is designed first. This gives the thickness of 
the flange of the T.beam. The breadth of the rib is generally kept 
to ^ of the assumed depth of the beam. Depending ujjon the 
loading conditions and the span, the assumed depth of beam should 
vary between J 7 to span. The design of T-beam now 

consists in calculating the area of steel required and to ascertain that 
the assumed depth keeps the stresses in concrete and steel within safe 
permissible limits. The design is, however, checked for shear and 
bond, similar to a rectangular beam. 



Fig. 25-2 

25*13 Dimensions of T-beam 

(1) The thickness of flange i.e., da is the thickness of the slab 
spanning over the beams. 

(2) The breadth of the rib i.e., 6,. should be sufficient to 




BUNfOBOBD CXMBNT GONCBXTB 


567 


accommodate the main bars in the beam. It may be assumed to be 
between to -I of the over-all depth. 

(3) The value of D, the over-all depth of the beam, is usually 
assumed as below : 

(a) For freely supported beams 

D = to of the span. 

(b) For continuous beams 

(t) D (for light loads, as in case of roof etc.) 

= Tr to of the span. 

{ii) D (for medium loads, as in case of floors etc.) 

= TT to of the span. 

(ni) D (for heavy loads of the order of 1200 kg./sq. m.) 

= TO to of the span. 

(4) The effective breadth of the flange, i.e., B,, in case of 
T-beams should not exceed the least of the following values : 

(i) 4rd of the effective span of the beams. 

(it) dc distance between the beams. 

{iii) Breadth of the rib + 12 X thickness of slab, ».c. 

6f-f-1 Q.ds, 

25'14 Steps to be Followed in the Design. The design of 
T-beam differs in many respects from the design of a rectangular 
beam. The various steps involved in designing a simply supported 
T-beam arc given below : 

(<t) Fix the depth and breadth of the rib, the thickness of flange 
being already calculated. 

(6) Decide the approx, lever arm of the beam, by taking larger 
of the following values : 

(0 Effective depth of the T-beam = or 

(ii) 0 87d to 0 9d. 

(c) Calculate the effective span of the beam. 

(d) Find (w) the load per metre run on the beam ; w = loads 
due to slab in kg./m.-j-wt. of rib in kg./m. 

(e) - Calculate the max. bending moment (M) in the beam. 

(/ ) Calculate the area of tensile steel given by the formula 

M 


At =* 


approx, lever arm x t 
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{g) Ciheck the section for maximum stress. This involves the 
following steps : 

(^) Calculate neutral axis of the beam, given by the 
equation 

B4» ^ n) ...(») 

Depending upon the assumed depth, applied B.M. or the thick¬ 
ness of the flange of the beam, the neutral axis may lie inside the 
flange or it may lie outside. 

If the value of neutral axis as obtained in (t) is less than the 
thickness of slab or d,, the neural axis lies inside the flange. In such 
cases the neutral axis is re-calculated by using the equation 

—g— = m.Ai{d~n) ...(«) 

and the exact lever arm of the beam = d — 

If, on the other hand, the value of n as obtained in (s) is more 
than d,, the neutral axis lies outside the flange and the exact lever 
arm is then 


where 


(n) Find the stress developed in steel by the formula 

M 

I 5 — _ IZ _ 

exact lever armx^i 

(in') Find the stress developed in concrete in compression given 
by the formula 

m(d—») 


The values of t and c, as obtained in steps (ii) and (iii) above, 
should be less than the safe allowable stresses in steel and concrete. 

If the value of 2 or c as obtained in steps (ii) and (iii) above is 
more than their safe permissible values, repeat the design by in¬ 
creasing the assumed depth of the beam. 

(&) Find the max. shear stress developed in the beam. This is 
given by the formula 

^_ 8 _ 

exact lever arm x K 
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Design for shear reinforcement is similar to that of a rectangular 
beam 


(i) Check for bond by the formula 




_ S _ 

exact lever arm x HO 


25*15 Design of Continuous T-beams. In case of conti¬ 
nuous T-beam, the bending moment at the mid-span is of sagging 
nature and the slab forming the flange of the T-beam it subjected to 
compression. Thus the presence of the slab is helpful in increasing 
the compressive resistance of the beam. Over the supports, the 
bending moment is of hogging nature, and the flange of the beam is 
subjected to tension. Since the tensile resistance of concrete is totally 
ignored in our basic assumptions, the availability of slab as flange of 
the beam over the supports is of no 
value. Hence the T-beam behaves 
like a rectangular beam over the 
supports. Since the depth of the 
beam is fixed by taking advantage 
of the compressive resistance of 
concrete in flange of the T-beam, it 
is obviously less than that requir¬ 
ed for a rectangular beam. Thus 
the section of the beam at the 
support is restricted in its dimen¬ 
sions and is usually designed as 
doubly reinforced section. 


25*16 Flange Reinforcement. 

of the T-beam may be spanning either transverse to th^beam orlt 
may be spanning parallel to it. The width of the slab which acts 
effectively with the T-beam will remain the same in both the cases. 
However, when the slab sp>ans parallel to the beam, adequate 
reinforcement should be provided transverse to the beam through-' 

out its length upto a distance of on either side of the rib of the 

4 

beam, near the top face of the flange as shown in Fig. 25 4. As per 
Indian Standard Code of Practice, the area of such reinforcement 
should not be less than 60% of the area of the main reinforment 
provided at the mid-span of the slab forming the flange of the beam. 


d 




br "M 


Fig. 25 3 


T 

n 

i 


The slab forming the danse 
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Fig. 25'4 


DESIGN OF COLUMNS 

2517 General. A R.C. column is said to be subjected 
axial load when the line of the resultant trust of loads supported by 
the column in coincident with the line of C.G. of the column in the 
longitudinal direction. Depending upon the architectural require¬ 
ments and the loads to be supported, R.C. columns may be cast in 
various shapes, f.c., square, rectangular, circular, hexagonal, etc. or 
tee-sections. The longitudinal bars in the R.C. columns help to 
bear the load in combination with the concrete. These bars are 
uniformly spaced along the perimeter of the columns as near the 
surface as practical. In order to prevent the longitudinal bars 
from bending, transverse reinforcement known as lateral binders or 
links are used. The links are spaced at suitable distance apart and 
every longitudinal bar is tied to them. In case of circular or hexa¬ 
gonal columns, the lateral binders, are generally provided in the 
form of closely wound spiral or helical reinforcement although 
separate units may also be used. A reinforced concrete column 





KBINFOBCBD CBHSNT OOKCRBTB 


571 


having helical reinforcement must have at least six longitudinal 
bars. 


25*18. Permissible Stresses in R.G. Columns. As a result 
of experiments all the codes recommend reduction of stresses in 
concrete as well as steel in R.C. columns. 

As per the revised Indian Standard Code of Practice, I.S. 456— 
1964, the permissible stresses for various grades of concrete and for 
various types of steel reinforcement to be adopted in columns is 
given below : 

Stress in concrete : 


Grade of concrete 

Permissible stress in concrete in 

I direct compre sion 

j 


M 150(1 : 2 : 4 

40 kg./sq. cm. 

i 


M 200 (1 ; ; 3) 

50 kg./sq. cm. 


M 250 (1 ; 1 ; 2) 

1 

60 kg./sq. cm. 



Stresses in steel : 

(?') For column bars in compression ==. tc = 1300 kg /sq. cm. 

{i>} For helical reinforcement in column 

= tc — 1000 kg./sq. cm. 

2519. Effective Length or Height of a Column. From 
practical considerations, the actual height or length of a column is 
usually taken as the clear distance between the floor and the lower 
extremity of the capital, drop or slab, whichever is smaller while in 
a beam and slab construction the actual length (L) is taken as the 
clear distance between the floor and the underside of the shallower 
beam framing into the column. 

Effective length or height of a column depends upon the condi¬ 
tions of its ends. 

For the design purposes, only the effective length of a column 
is used. The table below gives the effective length {/) of a column 
. in terms of its actual length (L) for various end conditions. 
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S. No. 

End condition of the column 

Effective length (/) 

1. 

Both ends hinged {i.e. fixed in 
position but not in (direction). 

L 

2. 

Both ends fixed in position as 
well as in direction. 

0-75 L 

3. 

One end fixed in position and 
direction while the other end 
free. 

2L 

4. 

One end properly fixed in posi¬ 
tion and direction while the 
other end is imperfectly fixed in 
both position and direction. 

The value intermediate 
between L and 2L depend¬ 
ing upon the efficiency of 
the imperfect restraint. 


2S'20 Types of Columns. In general columns may be divi¬ 
ded into two different types, namely, short columns and long 
columns. A column is considered to be short when the ratio of its 
effective length of its least lateral dimension does not exceed 15 or 
the ratio to its effective length to the minimum radius of gyration 
does not exceed 50. If the said limits of the ratio exceed 15 and 
50 respectively, the column is considered to be a slender or long 
column. Depending upon the type of lateral reinforcement used, 
the .short columns are further sub-divided into the following two 
categories : 

(i) Short column with separate links or binders. 

(it) Short column with helical binders. 

25'21 Strength of Columns. The safe load carrying capa¬ 
city for different types of columns is given below. 

(t) Short columns with separate binders : The permissible load 
(P) for a short column with separate binders or lateral tics is given 
by the formula 


P = Ci{A — Ac)-\'te-At 

where — permissible stress in concrete in direct compression, 

A = the gross cross-sectional area of the column. 

Ac — the cross-sectional area of the longitudinal steel. 

<c == permissible compressive stress for column bars. 

A— Ac == net area of concrete section conluding any finishing 
material and reinforced steel. 
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(«) Short column with helical binders : The permissible load (P) 
for a short column in which helical binders are used as transverse 
reinforcement is gi\en by the following formulae 


(1) P — cs.Aii-\-tg.Ao-\-2tt.Ae 
where. 


Ajc = cross-sectional are of concrete 
in the column core excluding the area of 
longitudinal reinforcement. The column 
core is considered to be the portion of the 
concrete enclosed inside Ibe helical 
reinlorcement upto the centre line of the 
helix. 

tg — permissible stress in helical 
reinforcement. 

A, « equivalent area of helical rein¬ 
forcement which is taken as the volume 
of helical reinforcement per unit length 
of the column. 

The above formula will hold good 
provided that the sum of the terms 
Ci.Afc-f-2««.Aa does not exceed. 

0‘5 ocw. {A—Ag) 

where acu is the crushing strength of con¬ 
crete cube (works test) after 28 days. Its 
value for M 150 grade of concrete 
(1:2:4) being 150 kg./sq, cm. 

(2) P = Ca{A — As)-\-tg.At 

In this formula only nominal circular 
ties are provided and the presence of the 
transverse reinforcement is not supposed 
to contribute to the strength of the column. 


1 

T 

1 

•r 

K 

Cu 



t 

AN 


Fig. 25-5 



25'22 Strength of Long Columns. Along column (t.e. a 

column having ^ > 15 or™ >50, where d is the least lateral 

dimension of the column and k is the minimum radius of gyration) 
on account of its buckling tendency has less strength than a sliort 
column of the same sectional area. To safeguard the long column 
against the buckling effect, the permissible values of the working 
stresses iii steel and concrete are reduced by multiplying the respec¬ 
tive stresses by a reduction coefficient given by the formula 

I 
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or 

where I — effective length of the column 

d = least lateral dimension of the column 
k ^ least radius of gyration. 

Hence, the safe load that a long column can carry is obtained 
by multiplying the load, which a short column of same sectional area 
•can carry, by the reduction coetiicient R. 

25*23. Basic Rules for the Design of Columns 

Longitudinal reinforcement, (i) The cross-sectional area of 
longitudinal reinforcement in a column shall not be less than 0 8% 
and not more than 8% of the gross-sectional area of the column. In 
places where bars from a column below have to be lapped with those 
in the column to be designed, the maximum percentage of steel 
should preferably not exceed 4%. 

(ti) The minimum diameter of the longitudinal bar shall not 
be less than 12 mm. and the maximum diameter should preferably 
not exceed 5 cm. 

{iii) The minimum cover of the outside of longitudinal bars 
-shall be 40 mm. or the diameter of the bar whichever is more. In 
case where the minimum dimension of a column does not exceed 
20 cm. and the diameter of the longitudinal bars does not exceed 
13 mm. the cover of 25 mm. may be used. This is as per the recom¬ 
mendation of revised I.S. 4456—1964. 

(iv) Where it is necessary to splice the longitudinal reinforce¬ 
ment, the bars shall over-lap for a distance of not less than 24 times 
the diameter of the smallest bar. 

Transverse reinforcement. To safeguaid the (longitudinal rein¬ 
forcement against * buckling, the transverse reinforcement may 
be provided either in the form of ties or helical reinforcement 
(spiral). 

(t) The minimum diameter of the ties or helical reinforcement 
(spiral) shall not be less than Jth of the diameter of the largest longi¬ 
tudinal bars or 5 mm. whichever is more. 

[ii) The maximum diameter of the ties and helical reinforce¬ 
ment (spiral) should preferably be not more than 13 mm. and 25 mm. 
respectively. 

(iii) The pitch of the ties should not be more than the least of 
the following distances : 

(a) The least lateral dimension of the column. 
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Fig. 25-6 

Alternative details of column joints 


{b) 12 times the diameter of the smallest longitudinal bar. 

(c) 30 cm. 

(d) 48 times the diameter of tic. 

In cases where the column is assumed to take increased load on 
account of the continuous binding or spiral reinforcement, the 
following requirement in respect of the pitch of the spiral should be 
strictly followed. 

(iv) The pitch of the spiral should not be more than the least 
of the follbwing distances : 

(a) ^th of the diameter of the concrete core. 

(b) 75 mm. 
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(v) The least spacing of the lateral ties may be 15 cm. and for 
ihe spirals, the minimum pitch shall be 25 mm. or 3 times the 
diameter of the spiral with head whichever is greater. 

25'24 Steps to be Followed in the Design. The various 
steps involved in the design of a column with independent or separate 
links arc given below : 

(a) Find the load the column is required to carry. Add the 
self weight of column to get the total load at the column base. 

{b) Decide the mix of concrete and hence the stress in concrete 
to be adopted in the design. 

(c) Depending upon the load, assume, wi4„=l to 2% of A and 
calculate the approximate area of the column by the formula 

P = C|{(d— A^A’f'C'Af^ 

If assumed = 1% A = 0 01 A 
then P == Cd (.4—0 01 .4)+/cX 01d 

{d) Having found the value of A from the above equation, find 
out the least lateral dimension (d) of the column. In case it is 
desired to have a square column, d=\/^, while if a circular column 
is desired 



(e) Find the effective length of the column from the 'given end 
conditions. If -^ < 15, drop the steps' /) and {g) given below and 
then proceed. 

(/) Tf > 15, or= 15, find the reduction coefficient R 
a 

given by 

t 

(g) Calculate the load P' for which a short column should be 
designed. 



Now substitute this value of load, in the step (c) and calculate 
the final area of column. 

{h) Choose suitable diameter of longitudinal reinforcement so 
that it may not be less than the assumed area of steel. 

(i) Find the diameter of the stirrups and fix their pitch in 
accordance with the rules. 
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Qjnestions for Revision 


1. (a) What are doubly reinforced beams ? Why and where are these 
used ? Is their design economical ? 


(6) An office floor has intermediate spans of R.C.C. slab supported on 
steel beams 3 m. centres. The span of steel beams is 61 m. If the slab is 
required to carry a live load of 300 kg./m.>, design and detail the reinforcement 
in the slab. 


2. Design a R.C.C. T-beam and a R.C.C. balcony for a lecture theatre 
having the following data : 


(/) Size of the lecture theatre 

12'2 m.x7-6 m.x6‘l m. height. 

(m) Size of the balcony 

2‘22 m. wide clear with 0 75 m. high 
and 10 cm. thick R.C.C. railing. 

(i/i) Height of the balcony 

4'22 m. from floor. 

(iV) Thickness of the brick wall 

45 cm. 

(v) Live-load for roof 

146 kg/m. 

(vi) Live-load for balcony 

390 kg./m.2 

Stresses : 


(a) Safe tensile stress in steel 

1400 kg./cm.* 

{b) Safe compressive stress in 
binding in concrete 

50 kg./cm.2 

(c) Modular ratio 

15 

(d) Bond stress 

49 kg./cm.2 

(e) Shear stress 

5 kg./cm.2 


Draw out necessary drawings to show the reinforcement and lay out. 

3. Design a rectangular R.C.C. column, required to carry a load of 101 
tonnes including its own weight. The design should be based on l.S.l. sped' 
fications. 


4. A tee-beam of 12-2 m. effective span is required to be designed from 
the following data : 


Live load on floor 
Slab thickness 
The over-all depth of beam 
Width of rib 
Spacing of I-beams 
Allowable stresses are : 

C=56 kg./cm® 
reil400 kg./cm® 
m-18 


490 kg./m.® 
13 cm. 

60 cm. 

25 cm. 

3 66 m. c/c. 


Allowable shear stress «» 5’6 kg./sq. cm. In addition to the load from 
the slab the beam carries a brick partition wall IS cm. thick and 3 m. high 
having the density of 1920 kg./m®. 
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Determine the area of steel for moments and shear and give a neat 
•dimensioned sketch of the design. 

5, A R.C.C. T-beam and slab over a room 7‘32x4‘88m. between 
centres of walls consist of two beams at 2’44 m. centres. The slab is 15 cm. 
thick and the size of the beam stem is 38 cm x23 cm. The beam reinforcement 
will be 4 bar of 20 ram. diameter and two-legged stirrups of 6 mm. diameter. 
The slab reinforcement is 10 cm. rounds at 10 cm. centre to centre with 6 cm. 
rounds at 20 cm. centre to centre as temperature reinforcement. Draw a 
dimensioned cross-section through all the beams showing clearly the arrangement 
of reinforcement in beams and slab. 

6. (a) What are permissible direct compressive stresses in M 150 
(I : 2 : 4) cement concrete mix allowed in the’design of plain cement concrete 
columns of short length and in the design of R.C.C. column ? Slate the reasons 
for the difference in the two permissible stresses. 

(/}) A R.C.C. column 3 65 metres long 38 cm. square is reinforced with 
four longitudinal bars 25 mm. diameter. If the compressive stresses in M 150 
(1:2:4) cement concrete are not to exceed 4213 kg./cm.'-* and «;== 15, calculate 
the safe axial load on the column. Calculate the dimensions of the square 
fooling of the column for the safe load ^you have calculated. The bearing 
capacity of soil is 22 tonne/sq. m. 

7, The ground floor R.C.C. column of a residential building 60 cm. 
diameter carries a load of 243 tonnes. The height of the column is 380 cm. 
Design the column and its footing, if the permissible soil pressure is 8'3 
tonne/in'*. Assume the weight of the footing suitably. 

Permissible stresses are: 

(0 Concrete 70*30 kg. per sq. cm, 

(ii) Tensile stress in reinforcing bars 1400 kg. per sq. cm, 

(hi) Punching shear 8‘40 kg. per sq. cm. 

(iv) Adhesive stresses 7*00 kg. per sq. cm. 

(v>) Modular ratio—15. 

8. A simply supported R.C.C. beam rectangular in section is required to 
carry a uniformly distributed load of r66 metric tonnes per metre run exclusive 
of ifs own weight over a span of 9’14 metres. There are also two concentrated 
loads of 3 05 metric tonnes each acting on the beam at a distance of 3'05 metres 
from each end support. 

Calculate the effective depth of the R.C.C. beam and the area of tensile 
Tcinforcemen t; given the following : ^ 

{/) Width of beam «= 36 cm. 

(if) m « 15 

(1/7) fe = 50 kg./cm2 

(iv) fi = 1400 kg.;cm.2 

Draw neat sketch to show the finished section of the beam and the 
tensile reinforcement in the beam and its arrangements with shear reinforce¬ 
ment. Mark all dimensions and sizes of reinforcement bars. 
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Fire Protection 


l&l General. It is the growing tendency of the modern 
architect and engineer, that the structures should be so designed, 
planned or oriented, that the safety of the occupants is fully assured 
in the advent of outbreak of fire in the structure. This object is 
achieved by using fire-resistive materials for constructional purposes: 
providing «!uitablc means of quick escape of the occupants : dividing 
the building into small compartments, so as to minimise the spread 
of fire. The compartments should be so treated that the fii e is 
localised. Once the fire starts, it tends to ignite all the combustible 
materials in the surrounding areas, and then, if not checked, it may 
spread to other parts of the building. If it is not controlled within 
the reasonable period, the entire structure may collapse. 

The selection of the type of material to be used for the con¬ 
struction of walls, floors, roofs, partitions etc. deserves careful 
consideration. Thus, in order to make a judicial selection, the 
knowledge about the effect of heat on various materials is of vital 
importance. The fire-resistive properties of various building materials 
are given blow. 

26 2 Timber. Timber construction is made fire resistant by 
taking advantage of the self-insula ting and slow burning properties 
of the material. Additional fire resistance is achieved through 
impregnation of timber with large quantities of fire-retarding chemi¬ 
cals. The commonly used chemicals for the purpose are ammonium 
phosphate and sulphate, borax and boric acid, zinc chloride etc. 
This treatment retards increase in temperature during fire ; decreases 
rate of flame spread and enables easy fire control. Usually 32 to 48 kg 
of chemical per cubic metre of wood are used for moderate protection 
and 80 to 96 kg per cubic metre for high protection. During the 
1 ecent years, a number of fire resistant paints have also been intro¬ 
duced for rendering the limber fire-resistant. Paints of asbestos, 
magnesium sulphate, ferrous-oxide etc. have been found to be very 
much effective. 

26'3 Brick. First-class bricks moulded from good clay can 
stand exposure to fire for a considerable length of time. The pro¬ 
perties of bricks which render them fire resistant are the size of 
bricks; the method of construction, the components of fire-resistive 
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materials in bricks clay etc. It has been well established that brick 
masonry construction is most suitable for safeguarding the structure 
against hre hazards. 

26-4 Stone. The usage of stone in a fire resistive construc¬ 
tion should be strictly restricted to the minimum. Granite, when 
exposed to severe fire, explodes and disintegrates. Lime stone is least 
recommended as it crumbles and gets ruined by an ordinary fire. 
Only compact sand-stone having fine grains may be used for it can 
stand the exposure to moderate fire without serious cracks. 

26 5 Steel. Steel although incombustible has a very lew fire 
resistance value. With the increase in temperature, the co-emcient 
of elasticity of the metal falls appreciably rendering the member 
soft and free to expand. When the members in this state con^ m 
contact with water, used for extinguishing the fire, they tend to 
contact, twist or distort and thus the stability of the entire structure 
is endangered. It has been noticed that unprotected steel when 
subjected to fire causes the collapse of the structure. Thus m a 
fire resistive construction, structural steel members must be suitably 
protected. 

26*6 Concrete. The influence of fire on concrete varies with 
the nature of its coarse aggregate and its density. It has been foimd 
that aggregates obtained from igneous rocks containing higher 
calcerous content, tend to crack when subjected to fire.^ Coarse 
aggregates like foamed slag, cinder and brick are best suited for a 
concrete which has to be fire-resistive. It has been noticed ^bat 
average fire, the concrete surface gets disintegrated for a depth of 
about 25 mm. This is due to the dehydration of mortar in concrete 
by the fire. Hence in a reinforced concrete fire resistive construc¬ 
tion, the thickness of clear cover should be more. 

26-7 Glass. Glass conducts heat faster than metal. Because 
of its low thermal conductivity, the change in volume on account of 
expansion or contraction is very small and as such it may be consi¬ 
dered to be a good fire resisting material. But when subjected to 
sudden and extreme variation of temperatures it fractures or cracks 
By the use of glass reinforced with steel wire netting such cracks 
can be minimised. Even when the cracks are formed, the fractured 
glass remains in its original position, as the embedded wire holds the 
cracked portion and does not allow it to fall. The reinforced glass 
has a higher melting point than the ordinary glass, and as such it is 
commonly used for fire-resisting doors, windows, sky-lights etc. 

26 8 Asbestos. Asbestos is a fibrous mineral which is com¬ 
bined with Portland cement to form a material having great fire- 
resistive value. Asbestos cement products arc largely used for the 
construction of fire-resistive partitions, roofs etc. On account of its 
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low co-efficient of expansion and property of incombustibility, the 
structural members blended with asbestos cement possess great 
resistance to cracking, swelling or disintegration when exposed 
to fire. 

26 9 Plaster or Mortar. Plaster or mortar is incombustible 
and as such, by suitable choice of the type of mortar, the walls or 
ceilings of a building can be made better fire resistant. Cement 
mortar is better than lime mortar, as the latter is liable to calcine. 
The resistance of the plaster to fire hazards can be increased by using 
it in thicker layer or reinforcing the plaster with metal laths. Gypsum 
plaster when applied over structural members like steel columns 
etc., makes the latter have good fire-resistive qualities. 

26T0 Fire Resistant Ganstruction. In a fire-resisti\'e 
construction, the maximum use of non-combustible material should 
be encouraged. All the structural elements such as beam.s, columns, 
lintels, arches, floors and roofs, load-bearing walls or partition \valls, 
should be constructed in such a way that they should continue to 
function as structural membars at least for the period which mav Ije 
sufficient for the occupants to escape. The following additional 
points should be kept in view while designing a fire-resi.siant 
structure : 

(1) The load-bearing W’alls or columns of masonry shoukl be 
thicker in section so that they may successfully act as fire barrier for 
a considerable time. 

(2) As far as possible fire resisting material should be used in 
the construction of flooring. If the usage of material which is li^cely 
to be damaged cannot be avoided cither due to financial or practical 
considerations, th(' fillow'ing precautions should be oliscrved : 

(t) In case of wooden floors, thicker joists spa-ced at grenter 
distance apart should be used. 

(ti) Fire stops should be provided in wooden floors at suitable 
intervals. 

(Hi) In case, cast iron or wrought iron has to be used in the 
w'ork, it should be protected with clay tiles, terracotta, or 
plaster. 

(3) Reinforced concrete framed structures .should be preferred 
to steel structures. As steel is liable to twist, sag or distort under 
heavy fire, the metal should be protected by using concrete hollow 
clay tiles, bricks, metal lath and plaster, etc. The treatment given to 
steel columns is shown in Fig. 261. The rover of the protected 
material like tiles or bricks etc. all round the steel member should 
be at least 10 cm. from all sides. In any case, the metal flanges 
should be protected with not less than 5 cm. layer of concrete etc. 
The cover of concrete for reinforced concrete members, like beams 
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or columns should be sufficient to enable the members function 
satisfactorily, under fire for a maximum time. The concrete cover 
outside the main reinforcement should be atleast 5 cm. for very 
important structural members, like columns, girders, trusses etc., 
38 mm. for ordinary beam, or long span slabs, arches etc. and 
25 mm for partition walls, short span slabs, etc. 



Lpi. 



Fig. 26*1 

Various types of fire-proofing treatments given to steel 
and concrete columns 

4. The partition walls should similarly be of fire-resistant 
material. In general, R.G.G., R.B.C., metal lath and plaster, 
asbestos cement board ; hollow concrete or clay tiles should be used 
in the construction of partition walls. In case, wooden partition 
has to be made fire resistant, it should be covered with metal lath 
and plaster. 
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5. The load-bearing walls, as well as non-load bearing walls, 
should be plastered with fire-resistive mortar. 

6. The ceiling should be directly attached or suspended from 
the floor joists and it should be made fire-resistant by fixing asbestos 
cement boards, fibre boards, metal lath and plaster to its framework. 



Fig. 26-2 

Various types of fire-proofing treatment given to beams 

7. The doors, windows or exposed sides should be glazed type 
and fitted with reinforced glass panels. 

8. As far as possible, use metal frames for doors with steel 
shutters. 


9. Due consideration should be made for providing suitable 
means of escape for the occupants of the structure. In single storey 
building, the provision of an accessible window, large enough to 
permit the occupants to get out through the opening, should be 
ensured. In case of multi-storeyed structures, the situation of staircase 
should meet a wise decision. For stairs of important buildings, a 
higher standard of the fire resistance is required. R^iC.C. stairs arc 
considered best from all considerations. The staircase Jiall which 
acts like a vertical shaft connecting the various floors should be 
surrounded with the enclosure walls made up of fire-resistive mate¬ 
rials. The lift halls should also be similarly treated. All the doors or 
windows of the staircase hall or lift wall should preferably be of 
metal frame with steel shutters. 

10. As far as possible flat roof should be encouraged. Incase, 
the sloping roof is necessary cither due to site conditions or architec¬ 
tural reasons, the ceilings of the sloped roofs should be made up of 
fire-resistive material. 
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Questions for Revision 

1. What do you understand by the term ‘fire-proof construction '? 
Describe the fire-proofing properties of the following materials : 

(/) Timber 
(h) Stone. 

(jVi) Steel. 

(iv) Brick. 

(y) Concrete. 

(yi) Glass. 

(y/i) Asbestos. 

(yiii) Plaster or mortar. 

2. What are the guiding factors that should be kept in view while 
deciding the structural and architectural requirements of a fire-resistive 
structure ? Describe the fire-resistive properties of the following : 

(/) Asbestos. 

(it) Concrete. 

(Hi) Steel. 

3. How will you render a steel column fire-resistant ? Draw different 
sketches using the various types of material you can use to achieve the object. 

4. Write an essay on a fire-proof building. 
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271 General. The sound which causes annoyance, inter¬ 
ference with speech, damage to hearing and results in reduction in 
efficiency of work performance is called noise. Noise may also be 
defined as a disturbance in an elastic medium which includes solid, 
liquid and gases. It is a form of wave motion created by a 
vibrating body and is transmitted in all directions in the form of 
spherical waves consisting of alternate compre.ssions and rarefiictions. 
The procedure of obtaining an acceptable noise environment at a 
particular point is called noise control. 

27*2 Glassification of Sound. Depending upon the posi¬ 
tion of source, sound can be broadly divided in two classes ; 

{%) Airborne sound 

(w) Impact sound. 

(i) Airborne f>ound : An airborne sound is one which is trans¬ 
mitted throtigh air and travels direct to the ear of the person. 
This type of sound travels from one part of the building to another 
or from outside of the building to the inside, through open doors, 
Avindows or other openings or through small gaps around doors and 
windows etc. 

(it) Impact sound ; The sound which is transmitted first 
through the structure is called impact sound. The noise of ti e foot¬ 
steps, furniture, movement, dropping of utensils on the floor under 
this category. Impact sounds are troublesome and are often very 
sharp. 

27‘3 Measurement of Sound. Ear is an incredibly a 
.sensitive instrument. It can react to the rustic of the wind in a leaf 
in the silent night as well as to the noise of a rock drill, later being 
10,000,000,000 times stronger than the former. Sound is usually 
measured and expressed in terms of sound pressure levels or 
decibles (de)- 

The formula for writing down the two sound pressures 

= 20 log — decibles 
P2 
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where p, = the pressure of the sound wave at source 

Ps — the pressure of the sound wave at recipient. 

Decible is therefore used as a convenient unit to measure the 
magnitude of sound, sound levels or sound insulation (noise reduc¬ 
tion achieved by .sound absorbing materials). 0*002 dyncs/sq. cm. is 
the lowest value of sound pressure that an average human ear can 
perceive and hence this value is taken as zero on the da scale. The 
noise at the threshold of pain in the ear is considered to have a 
sound pressure of 130 da. 


Table given below gives an idea about the magnitude of noise 
levels from some common noisy sources. 

8. No. 

Type of source of noise 

Noise levels in (Zb 

1. 

Light road traflic (side street) 

60-70 

2. 

Medium road traflic (main streets) 

70-80 

3. 

Heavy road traflic (highways) 

80-90 

4. 

Rail traffic 

90-110 

5. 

Air traffic (at 300 m) 

90-110 


27'4 Transmission of Sound. When sound in px’oduccd in 
a room it proceeds outward in spherical waves until it strikes the 
boundarie.s of the room. Thereafter, the sound waves are reflected, 
transmitted and absorbed in varying amounts depending upon the 
characteristics of the walls of the room (thickness, weight, material 
of wall and nature of its surface) and the frequency of the sound. 

27*5 Transmission Loss. The reduction in the intemity of 
airborne .sound, that takes place during its transmi.ssion from the 
source the recipient is called transmIs.sion loss. Transrnis.sion loss 
or T.L. is numerically equivalent to the hxss in the intensity of sound 
cxpre.ssed is decibles. Hence if lOOdo and BOde arc the sound levels 
measured on either side of a partition wall, the transmission loss or 
.sound insulation of the partition wall is equal to lOOrie —BOda 
= 40dB. 

27*6 Defects Due to Reflected Sound. The behaviour of 
the reflected sound plays an important role in sound insulation or 
acoustical design of a room/hall. The main defects which reflected 
sound waves may cause in a room are : 

(i) Echoes 

(it) Reverberation 

(i) Echoes : When a reflecting surface is so far away from the 
source that the sound is reflected back as a distinct repetition of the 
direct sound, the reflected sound is called an echo. Echoes are 
produced, when the time interval between the direct and the 
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reflected sound waves is about ysth of a second. This defect is 
particularly common when the reflecting surface is curved in shape. 
To minimise this defect in curved walls, the walls are covered with 
highly absorbent material or grills are provided on the face work. 

(ii) ReverberaLion : When the sound waves get reflected (on 
striking the walls), a part of the sound energy is converted into 
heat energy by friction and is absorbed by the walls. Subsequently 
the reflected waves get inter-reflected from one surface to another 
until they gradually fade and become inaudible. This phenomenon 
of undue prolongation of soujid by successive reflections from 
^lUnounding surfaces, after the source sound has ceased is termed as 
revel berat ion. A certain amount of reverberation is necessary to 
enhance* the sound. However, excessive reverberation is damaging 
to clarity. 

Reverberation Time : The reverberation period is the time 
taken for the sound energy to decay by after the sound source 

has stopped. The reverberation time depends principally on the 
volume and absorption of the room. 

Prof. Sabine of Harvard University developed a formula for 
calculating the time of reverberation which is given by 

, = _PJ6Z_ 

**1*1 "1" "f* 0*3*3 •• • 


_ _0^6J __ 

Sum of the absorption of various .absorption components 

where ay, Ot, a^... = coefficient of absorption 
* 1 . * 2 , 53 ... = area of absorbing surface. 

The time of reverberation plays a significant role in achieving 
■desired acoustical condition. If the time of reverberation is too 
long, it results in overlapping of speech and loss of intelligibility ; 
and if it is too short, it produces the effect of dcadness and loss of 
brillance of sound. If the time of reverberation works out to a value 
greater than 3 seconds, it is considered bad ; between 3 to 2 seconds 
as fairly good and between 2 to | second as very good. The time 
of reverberation 10 be allowed varies with the purpose for which 
the enclosure is to be used. If the enclosure or auditorium is to be 
used as a sound film theatre or for public address system, the time 
of rc\ erberation .selected should be short, whereas for concert 
halls and churches, it should be longer. For enclosures to be 
used for both speech and music, a value midway between the two 
should be adopted. 

The selection of the correct time of reverberation is called 
optimum time of reverberation. 
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It is noted that presence of audience in a room, reduces the 
time of reverberation. This is on account of the absorption 
provided by the audience (being due to the clothing worn by the 
persons). This shows that a theatre will have a greater time of 
reverberation, when it is empty, than, when it is full with audieiice. 
To make allowance for this aspect in deciding the time of reverbe. 
ration, the strength of audience contributing towards the absorption 
of -iound is taken as or full depending upon the type of hall, 
The desirable optimum time of reverberation worked out after 
considering the indicated audience strength, is shown in the table 
below : 


TABLE 27-1 


S. No. 

Description of building 

Optimum reverbe¬ 
ration by sabine 
formula 

Audience factor to 
be considered in 
design 

1. , 

Cinema theatres . 

1'3 seconds 

Two-thirds 

2. 

Churches . 

1*8 to 3 „ 

Two-thirds 

3. 

Law courts, committee rooms. 
Conference balls etc. 

1 to 15 „ 

One-third 

A. 

Large halls . 

2 to 3 „ 

Full 

5. 

Music concert hall . 

1-6 to 2 

Full 

6. 

1 

Parliament house. Assembly 
hall. Council chamber 

1 to 1*5 „ 

Quorum 

7- 

Public lectutc hall . 

L5 to 2 „ 

One third 


27 7 Sound Absorbent. Broadly speaking, the material 
having hard, rigid and non-porous surface, provide the least absoriJ- 
tion, whereas those which are flexible, .soft porous *and can vibrate, 
absorb more sound. The efiiciency of the sound absorption, how¬ 
ever, depends more upon the porosity of the material used as sound 
absorbent. The term used to express the percentage of the inc ident 
sound that can be absorbed by a material is known as absorption 
coefficient of the material. Thus if the absorption co-eflicient of a 
material is 0 75, this vould mean that the material is capable of 
absorbing 75% of the incident sound. The absorption co-efficient 
differs with the frequency of the incident sound. In general, low 
density materials have higher absorption co-efficient at the higher 
frequencies than at low frequencies. Tabic No. 27’2 lists the sound 
absorption coefficient of commonly used acoustical materials 
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27'8 Glassification of Absorbents. Sound absorbents can 
be broadly classified into the following four categories ; 

(«) Porous absorbents 
{ii) Resonant absorbents 

{iii) Cavity resonators 
(ii>) Composite type of absorbents. 

(i) Porous absorbents : When sound waves strike the surface 
of porous material, a part of the waves get reflected while a part 
enters the pores of the material and is thought to be dissipated into 
heat energy (produced on account of the friction developed between 
the sound waves in motion in the restricted pores of the material). 
The efTiciency of this type of absorbent increases with the 
increase in the resistance offered by the material to air flow, 
its thickness and the porosity. Slagwool, glasswool, wood¬ 
wool, asbestos fibre spray, foamed plastics, and perforated fibre- 
boards are some of the examples of porous absorbent. In general, 
porous mi terials are selected mainly to absorb sound having high 
frequency. 

(it) Resonant absorbents ; In this system, the absorbent material 
is fixed on sound framing (usually timber) with an air space lelt out 
between it and the wall at the back. Such an arrangement works 
most efficiently for absorbing sound waves at low frequency. The 
principal of sound absorption in this method is that sound waves of 
the appropriate frequency cause sympathetic vibrations in the panel, 
which acts as a diaphram. The absorption of sound takes place by 
virtue of the dampening of the sympathetic vibration in the panel 
by means of the air space behind the panel. Dampening effect of 
this system can be improved appreciably by placing a porous mate¬ 
rial in the air space. 

(iii) Cavity resonators : Cavity resonators essentially consist of 
a chamber with a narrow opening (entrance) in which absorption 
takes place by resonance of the air in the chamber which gives loss 
of sound energy. Such an arrangement can act effectively over a 
single selected frequency. Application of cavity resonator is norm¬ 
ally restricted to absorption from individual machine or in similar 
oases. 

{iv) Composite Type of absorbents : They consist of perforated 
panels mounted on battens so as to leave a cavity between panels 
and wall at the back. The panels may be metal wood (plywood) 
hard board, plaster board etc. The area of holes in the panel should 
vary between 10 to 20% of the total area of the panel. When the 
sound strikes the panel, the sound waves pass through the holes and 
get damped by the resonance of the air in the cavity. The effective¬ 
ness of this system can be increased by placing a porous material 
like mineral wood etc. in the cavity. This type of absorbent is com¬ 
monly used as it is easy to install, economical and can accommodate 
wide range of frequencies. 
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TABLE 27*2 

SOUND ABSORPTION CX>-EFFICIENTS OF ACOUSTICAL 

MATERIAL 




Application Coefficients 

S. No. 

Material 

Frequency of sound in cyclelsec 



125 

500 

2000 

1 . 

Brick wall painted 

0012 

0 017 

0023 

2. 

3. 

Brick wall unpainted 

6 inm. thick carpet or felt 

0 024 

007 

003 

0 049 


on solid concrete floor 

05 

0-65 

4. 

Carpet unlined . 

009 

0-20 

0 37 

5. 

Capet felt lined . 

Oil 

0-37 

0 37 

6. 

Curtains—light (3 kg,/sq. m.) 

004 

0 11 

0-30 

7. 

Curtains—medium 

006 

013 

040 

8. 

Curtains—heavy (5‘5 kg./sq. m.) 

010 

0-50 

C-82 

9. 

Chairs, metal or wooden 

0014 

0 016 

0019 

10. 

Chair with wood veneer seat 




and back 

— 

0 023 

-- 1 

11. 

Chair with leather cushion 

— 

018 

007 

12. 

Chair heavily upholstered 

— 

0-24 to 




0-28 


13. 

Compressed paper board 

— 

Oil 

Oil 

!4. 

Floor (concrete) 

0‘01 

0015 

0-02 

15. 

Floor (timber) 

005 

003 

003 

16. 

Linoleum, or asphalt laid on 

0‘05 




concrete floor 

0 03 to 
008 

003 


17. 

Fibre board (12 mm. thick) on 





battens keeping about 25 mm. 
air space between the boards 
and the solid wail 

0-3 

0*3 

0 3 

18. 

Formed concrete 19 mm thick 


Q12 

0-20 

19. 

G ass (upto 32 oz.) 

0 035 

0-027 

004 

20. 

Glass wool, or slag wool 
(50 mm. thick) Axed on batten 





secured to solid wall 

0-35 

0-91 

0 95 

21. 

Plaster, gypsum or lime smooth 



finish on brick wall 

0013 

0025 

004 

22. 

Plaster, gypsum or lime on 




lath over solid backing 

0 02 

003 

004 

23. 

Perforated fire board tiles (18 
mm. thick) badded solidly 

0-2 

0-65 

0-8 

24. 

Plywood panelling fixed on 



battens keeping about 25 mm. 
air gap between the panelling 
and the solid wa 1 

03 

0-15 

01 
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27 9 Sound Insulation of Buildings. Control of noise 
transmission is essentially to minimise the disturbing effect of sound 
passing from one room to another, through walls, partitions, and 
floors or ceilings. Good planning in respect of the location of build¬ 
ing as well as the placement of quiet and noisy areas in the building 
itself play an important role in controlling noise transmission. The 
constructional measure to be adopted for noise control and sound 
insulation are briefly discussed below. 

27-10 Wall Construction. The sound insulation rating of 
a wall is generally governed by the net sound transmission loss it 
provides and also the efficiency wdth which it serves as a barrier for 
speech sound. ^ Weight of the wall is the governing factor in wall 
insulation. It is seen that a solid one brick thick wall plastered -on 
both sides, proves quite effective as a sound insulating partition 
wall. It has an average reduction of 50dn. It is now, however, 
possible to have walls made up from a suitable combination of 
materials which arc light is weight and yet have high insulation 
value. 

A cavity wall type of construction can be made to have increas¬ 
ed insulation value by filling the cavity with some resilient material. 
In this type of construction, the cavity should be at least 5 cm. in 
width and the two wall leaves should be tied by use of only light 
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Fig. 27-1 

Details of ihe junction of cavity type partition wall 
and floor for a sound proof construction 
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butterfly wall ties. The insulation value of different types of parti¬ 
tion walls is given in Table 27*3. Pardon walls having the value 
of transmission loss of 45dB or less are considered adequate for 
separating critical areas of adjacent dwellings. 


TABLE 27-3 

TYPICAL INSULATION VALUES OF WALLS 


S, No. 

Type of construction 

Approx, 
weight in 
kg.Isq. m. 

Average 

T.L. in </b 

1. 

One brick thick wall 

1 

488 

50 

2. 

One and a half brick thick wall 

708 

53 

3. 

Cavity wall having two leaves each of 
half brick thickness with S cm. cavity 

488 

50 to 53 

4. 

Cavity wall having two 10 cm. thick leaves 
of clinker block with 5 cm. cavity 

312 

50 

5. 

Half brick wall with 13 mm. thick plaster 
on both sides 

268 

45 

6. 

20 cm. thick hollow dense concrete block 
wall with 13 mm. thick plaster on both 
sides 

185 

45 

7. 

Partition wall made with gypsum wall 
board fixed on timber frame work 

67 

45 

8. 

76 mm. thick hollow clay block wa 11 with 
13 mm. thick plaster on both sides 

108 

36 


27T1 Floors. Transmission of sound takes place more 
easily through floors. This is on account of the fact, that invariably 
the sound producing source has actual contact witl\ the floor. ^ Hence 
the floor serves as the most common path for the transmission of 
impact noise. The ordinary R.G.C. floor weighing less than 

220 kg./sq, m. has a sound reduction of only 45^6. Thus bare 

concrete and timber floors do not function effectively as barriers 
against impact sound. A floating floor resting on a resilient materia) 
like glass wool, material wool, quilt, hairfelt corck, rubber etc., has 
an increased rating for impact sound insulation. The principle 
underlaying the design of a floating floor is its insulation from any 
other part of structure. To achieve this, the resilient layer on 

which the floor rests is turned up at all edges which abut the walls, 

partitions or other parts of the structure. The partition should be 
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built off the structural floor so that the floating screed is self-con¬ 
tained with each room. 

The various types of floating floor construction are shown in 
Fig. 27-2. 
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Fig. 27*2 

Figures showing different methods of sound insulation of floors 


The wood raft floating floor as shown in [Fig. 27*2 (5)] consist 
of 50 mm. deep x 50 mm. side wooden battens, on which 20 mm. 
thick resilient quilt laid over the structural floor slab. 

The concrete screed floating floor as shown in [Fig. 27‘2 (/4)] 
consist of a 70 mm. thick layer of 1 : 1J : 3 concrete screed laid on 
a 25 mm. thick resilient layer of mineral wool quilt. The quilt is 
covered with waterproof paper to prevent the moisture from concrete 
soreed travelling below on to the structural floor slab. 
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Floors with suspended ceilings have an added advantage of 
insulation against air borne sound, provided a soft floor finish is 
provided on top to give necessary insulation against impact sound 
(Refer Fig. 27 2 (C?)]. 

Wood joist floors : The performance of wood joist floors is greatly 
influenced by the amount of indirect or flanking sound, transmitted 
via the walls. This factor is not important in concrete floors, since 
the concrete floors are considered heavy, rigid and stiff enough to 
restrain the vibration of the walls. In timber floor, this factor can 
be taken care of by increasing the stiffness and thickness of the wall 
below the floor. Alternatively the floor should be made heavy and 
stiff enough to reduce the vibrations of the walls. The two different 
types of wooden joist floors which give adequate sound insulation 
arc shown in Fig. 27-3. A noteworthy feature in the insulation of 
these floors is the floating floor effect achieved by using a 25 mm. 
thick mineral wool or glass wool quilt which is dropped over the 
joist and turned up at the edges of the boards. The efficiency of 
the flooring system is improved by increasing its weight with pugging 
nbetween the joists. 




Fig. 27-3 

Figures showing different methods of sound insulation 
of timber floors 

27*12 Acoastical Design of Anditoriam. The important 
factors which influence the acoustical design of an auditorium are 
the volume, the shape and the sound absorption. 

The volume of the auditorium should be in proportion to the 
intensity of the sound that is expected to be generated in the hall. 
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In deciding the volume of the hall, its height plays a significant role 
than its length or breadth. This is on account of the fact that a small 
increase in height increases the volume considerably. The volume 
required for musical concert halls is larger than that required 
for halls to be used for speech alone. This is necessary from the 
point of view of proper distribution of musical sound. In case, 
however, the auditorium is to be used for both musical concerts as 
well as speech, the volume of the auditorium should be so chosen as 
to have a value intermediate between the two. The following data 
may be used as a rough guide for deciding the volume of an 
auditorium. 

(t) For cinema theatres=3‘7 to 4 2 cu. m. per person. 

(it) For public lecture halls=2'8 to 3*7 cu. m. per person. 

{Hi) For concert halls=4'2 to 5-6 cu. m. per person. 

The shape of the auditorium is the governing factor in avoiding 
the defects like echoes or other types of reflections of sound waves. 
On account of the introduction of sound amplifiers, this aspect of 
planning has become still more important. Since the behaviour 
of sound in a hall is different from that in the open, it is rather easier 
to create desirable acoustic conditions in an auditorium rather than 
in an open air theatre. Rectangular, fan, horse shoe, circular or 
oval are the typical possible shapes of the floor plan of an audi¬ 
torium. 

The side walls and ceiling are advantageously used to provide 
favourable reflections. The walls of the hall are so shaped and 
placed as to minimise the possibilities of echoes. Piaixi walls are 
normally found suitable. The convex shaped walls are, however. 



Fig. 27*4 

Fan shaped floor plan of an auditorium showing 
favourable reflections from side walls 
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considered best to reduce echoes to a great extent. In general the 
ceiling height of the hall should be about | to ^rd of the width. For 
reducing the focussing effect of a curved ceiling, the radius of 
curvature of the ceiling should be made at least twice the height or 
less than half the ceiling height. Ceilings play a significant role 
in reflecting the sound to the rear areas of the auditorium. A 



Fig. 27-5 

Typical section showing favourable reflection from the 
ceiling of an auditorium 

noteworthy point in the selection and installation of the ceiling is 
that it should be ensured that the sound waves get reflected either 
directly or via the walls to the audience in such a manner that the 
waves do not concentrate at certain spots. 

Sound absorbing materials are also used to minimise objection- 
able reflection of sound. However, to ensure effectiveness of the 
sound absorbing material, the zones of installations have to be 
decided very carefully. A variety of acoustical materials are manu¬ 
factured these days and while making a selection, the consideration 
that weigh heavily on the choice include their appearance, light 
reflection, flame resistance, workability, durability and cost. 


80 cm 



Fig. 27*6 
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In addition^ the furnishings and the audience contribute to a 
great extent to the absorption present in the room. In fact the 
audience may be the largest contributon to the absorption in any 
auditorium. With a view to ensure optimum absorption from the 
audience, the seats in the hall are raked so that the heads in one 
row do not intercept the passage of direct sound to the persons in 
the row immediately behind them. A typical raking arrangement 
of the seats in an auditorium is shown in Fig. 27*6. 


Questions for Revision 

1. What is meant by the term reverberation ? Explain what do you 
understand by optimum line of reverberation ? 

2. Write a short essay on the acoustical design of auditorium. 

3. Show by sketches the method of sound insulation of a cavity wal> 
and a wooden joist floor. 

4. Write short notes on : 

(i) Air borne sound 
(iV) Echoes 

(Hi) Transmission loss 
(tv) Resonant absorbents. 
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Anti'-Termite Treatment 


28'1 Introduction. Insects could be defined as ancient race 
of animals which have been in existence for millions of years. They 
are capable of survival under most adverse conditions and environ¬ 
ments. Man is affected in a multiplicity of way by insects. Insect 
can attack his body, his food, crops, fruits, other agricultural 
products including his stored possession and even the house in which 
he lives. 


The type of insects known as subterranean termites or white 
^ts are most harmful and cause maximum damage to buildings. 
Termite.s eat wood, cellulosic materials and also attack non-cellulosic 
materials like leather, plastics, etc. They require moisture for their 
existence. Termite build underground colonies and tunnels or 
covered earthen runways (tubes) which serve as protected shelter for 
their movements. It is through these tubes that they maintain direct 
contact with the soil for meeting their moisture requirements 
essentia.'ly needed for their survival. White ants infiltrate into the 
buildings through cracks and crevices in masonry, joints or cracks 
in floors and through runways built over surface of structure in 
contact with ground, pipes, conduits, etc. and immediately attack 
upon the wooden portion of the building, textile, paper, etc. In the 
absence of adequate data it is rather difficult to estimate the exact 
loss due to termites attack, the total figure could, however, be 
assumed to run into several millions of rupees. White ants breed 
and spread so fast that they can damage a building in 3 to 5 years 
time. 


It is very difficult to control and eradicate termites after they 
have gained entry into the building, as the cost involved in the 
process may be exorbitantly high. It is, therefore, desirable to take 
preventive measures^ against termites attack in buildings right from 
the stage of the starting up of construction works. 
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Anti-termite treatment in buildings may be broadly divided 
into following two categories : 

{i) Pre-cmatruu^ional treatment. 

(♦»■) Poat-construction treatment. 

28*2 Pre*constrnctional treatment. This treatment is 
carried out at the early stages of the starting up of construction of 
building. This process essentially consists in creating as chemical 
barrier between the ground and the part of the building in contact 
with the ground. The various operations involved in this treatment 
could be summarised as under : 

(а) Site preparation 

(б) Soil treatment 

(a) Site preparcUion. This consists in removing stumps, roots, 
waste wood, etc. from the site where the building is to be con¬ 
structed. In case termite mounds are discovered within the plinth 
area of the building, they should be destroyed by use of insecticides. 
For this treatment, holes should be made into the mound at several 
places by use of a crow-bar and the insecticide taken in the form of 
water^ suspension or emulsion should be poured into the holes. The 
quantity of insecticide solution to be used will depend on the size of 
the mound. As per Indian Standard Code of Practice, for a mound 
volume of one cubic metre, 4 litres of an emulsion in water of one of 
the following chemicals may be used : 


ii) 5% DDT 
(it) 0'5% of Dieldrin 
(m) 0*25% of Aldrin 


(&) Soil treatment. This operation consists in poisoning, the 
soil underneath and around the foundation of the building with 
insecticide solution consisting of any one of the following chemical 
in water emulsion : 


(i) Dieldrin 

05% 

(n) Aldrin 

0'5% 

(Hi) Heptachlor 

0-5% 

(iv) Chlordane 

1% 

In order that the soil 

treatment may be fully effective, the 


chemical water emulsion should be applied continuously and com¬ 
pletely over the various areas in the following steps. 



ASTI’TBBMITS TBBATHBMT 


601 


(i) The bottom surface and the sides (to a height of about 
300 mm) of the foundation trench pits and basement should be 
treated by applying chemical water emulsion at the rate of 5 litres 
per square metre of the surface area. 

(ii) The foundation concrete should thereafter be laid over the 
treated trench surface and after the concrete has set, the upper 
surface of the foundation concrete should be poisoned with chemical 
emulsion taken at the rate of 5 litre per square metre. 

{in) After the foundation of wall, pier, etc. have been cons¬ 
tructed over the treated foundation concrete surface, ireat the 
back fill earth in immediate contact with the foundation with the 
chemical emulsion at the rate of 15 litres per square metre of the 
vertical surface of the foundation masonry on each side. In case of 
R.C.C. column footings, it is not necessary to start the soil treatment 
from the bottom of excavation and in such cases it may start from 
500 mm below ground level. 

(»v) Prior to laying of sand bed or sub-grade for floors, the top 
surface of the earth filling within walls should be levelled and 
treated with chemical emulsion at the rate of 5 litres per square 
metre of the surface. 

(v) The junction of walls and the floors (before laying sub¬ 
grade) require special attention to ensure effective soil treatment. 
For this it is important to establish vertical continuity of the poison- 
ed soil on inner wall surface upto earth filling in plinth. This is 
achieved by making 30 mm wide and 30 mm deep channels at all 
junction of walls and columns with the earth filling in plinth and 
then filling the channels with chemical emulsion at the rate of 15 
litres per square metre of the vertical wall or column surface. 

(m) The termites are also liable to gain access in the building 
from ground surface around the external perimeter of the building. 
To check this about 300 mm deep holes at 150 mm centre to centre 
are dug all along the external perimeter of the building and filled 
with chemical emulsion. 

28‘3 Post Construction Treatment. This treatment is 
applied to existing buildings which have already been attacked by 
termites. It is observed that even after their entry in buildings, the 
termite maintains regular contact with its nest in the ground. This,, 
important symptom is gainfully utilized in eradicating termite from 
buildings. The various operations involved under the treatment 
could be briefly summarised as under. 

(f) Inspection. Inspection is essentially carried out to estimate 
the magnitude of the spread of the termite infestation in the building 
^nd also to detect the route of entry of termite and the zones which 
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ar« attacked. Thereafter the mud walked tubes are removed! 
whenever possible and oil or kerosene base chemical emulsion is-< 
injected over the attacked areas of woodwork and masonry. At 
times structural additions and alteration may become necessary to- 
make sure that all direct contact between the soil and the effected 
portions of the structure are broken. 

(»t) Soil treatment for foundation. In this operation about 300* 
to 500 mm deep trenches are made along the external wall all along- 
the periphery of the building with the help of a shovel (width of the 
trench being equal to the width of the shovel) and 12 mm^ to 
18 mm^ holes at 150 mm apart are then made in the trench dose to 
the wall face, with the help of a bar. The holes should preferably 
extend upfo the top of the foundation concrete. The trench as well 
as the holes are then filled with chemical emulsion. In addition the 
soil used for back filling the trench should be mixed with chemicals 
at the rate of 6 litres of the chemical emulsion per metre length of 
the trench per 30 cm. depth. The poisoned back fill earth is filled 
in layers and consolidated. 

iiii) Soil treatment underfioors. Cracks in concrete floor are 
the weak spots which permit the entry of the termites from earth 
bslow the floor sub-grade. The cracks usually occur at the junction 
of the floor and walls and at joints between slabs when the floor is 
cast in sections. Cracks may also result due to use of unsound 
material and defective workmanship. In such cases eradication of 
of termites is achieved by poisoning the soil underneath the floor. 
This operation is generally carried out by drilling 12 mm^ holes at 
300 mm centre to centre all along the cracks in the floor and then 
injecting chemical emulsion into the holes till the soil below' gets 
fully saturated. The holes are then sealed with concrete. 

(iv) Treatment to voids in masonary. To prevent the entry of 
termites through voids in masonry 12 mm, ^ holes at 300 mra centre 
to centre are drilled at an angle of 45° from both side of wall at 
plinth level and then chemical emulsion is pumped until the zones 
gets fully saturated with the chemical. The holes arc then sealed 
properly. 

(t?) Treatment to woodwork. Timber which is badly damaged 
by termites should be replaced by new timber which is properly 
brushed or dipped in kerosene oil based chemical emulsion. The 
existing woodwork which is not attacked by termites should be 
sprayed over with chemical emulsion to check its destruction. 
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USEFUL DATA FOR R.G G. DESIGN 


Properties of Round Bars 


Diameter 
in cm. 


Perimeter 

in cm. 

Weight in 
kg/metre 

5 

0‘20 

1-57 

0-15 

6 

0-28 

1-89 

0-22 

8 

0-50 

2-51 

0-39 

10 

0-79 

3-14 

0-62 

12 

113 

3-77 

0-89 

14 

1-54 

4-40 

1-21 

16 

201 

5 03 

1-58 

18 

2-54 

5-C5 

2-00 

20 

3-14 

6-28 

2-46 

22 

3-80 

6-91 

2-98 

24 

4-52 

7-54 

3-55 

25 

4-91 

7-85 

3-85 

28 

6*16 

880 

483 

32 

804 

10 05 

6-31 

^ « 

36 

1018 

11-33 

7-99 

40 

12-57 

12-57 

9 87 


Sectiona Areas of Groups of Stee Round Bal 
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APPENDIX II 

Useful Data for Retaining Walls 

(Weights and angles of repose of various backing materials) 


Material 

Weight in kg.fm^ 

Angle of repose in 
degrees 

Dry sand 

1540 to 1600 

30 to 35 

Damp sand 

1600 to 1760 

35 

Wet sand 

Sand dry and consoli- 

1760 to 2000 

25 to 26 

dated 

1920 

35 

Vegetable earth dry 

1600 

20 to 30 

Vegetable earth moist 

1600 to 1760 

45 to 49 

Vegetable earth wet 
Vegetable earth consoli* 

1760 to 1920 

15 to 17 

dated and dry 

1600 

49 

Clean gravel 

1440 

40 

Gravel and sand 

1600 to 1760 

26 to 30 

Rubble stone 

1600 to 1760 

45 

Day clay 

1920 to 2240 

30 

Damp clay 

1920 to 2560 

45 

Wet clay 

1920 to 2560 

15 

Mud 

1600 to 1920 

0 

Ashes 

640 

40 

* 

Co-efficient of friction between concrete and different 

surfaces 

Surfaces 


Co-efficient of friction 

Dry clay, gravel or sand 

... 0‘2 to 0 4 

Moist clay or sand 

• •• 

... 0 3 to 0'35 

Wet clay 

• • • 

OltoO'3 

Rock 

• • • 

... 0-5 to 0 6 
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Fnnctions of Soil Angles 


i 

1 

Degree <f> [ 

i 

cos (f> 

sin (f) 

1 — sin 

1 -x-sin (j> 

/ 1—sin ({> Y 
\ l-fsm <f> J 

cos® ^ 

15 

•966 

•259 

•589 

■348 

•933 

17 

•956 

•292 

•548 

•300 

•914 

20 

•940 

•342 

•490 

•240 

•883 

22 

•927 

•375 

•455 

•207 

•859 

25 

•90G 

•423 

•408 

•166 

•821 

2G 

•899 

•438 

•390 

•150 

•810 

27 

•091 

•454 

•376 

•141 

■791 

30 

•860 

•500 

•333 

•111 

•710 

31 

•857 

•515 

•322 

•104 

•735 

32 

•818 

•530 

•308 

•094 

■720 

33 

•839 

■545 

■295 

•087 

•704 

34 

•829 

•559 

•283 

•080 

•688 

35 

•819 

•574 

•271 

•073 

•671 

36 

•809 

•588 

•260 

•068 

■655 

37 

•709 

‘602 

•250 

•060 

•638 

38 

•788 

•616 

•238 

•057 

■621 

39 

•777 

•625 

•220 

•050 

•603 

40 

•766 

•643 

•218 

•048 

•588 

41 

•755 

■656 

•210 

•040 

•570 

42 

•743 

•670 

•199 

•040 

•522 

43 

•731 

•681 

■190 

•040 

•552 

44 

•719 

•695 

•180 

•032 

•509 

45 

•707 

•707 

■174 

■030 

•500 
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Mensuration 


Areas 


Parallelogram 

= base X perpendicular height 

Trianfflc 

O 

— hasexi yx^rpcndicular height 

Trapezium 

= 1 sum of paiallcl sides X perpendicular ht. 

Ciude 

= 0'78r)4 >; square of diameter 

Sector of circle 

= length of arc X | radius 

Parai-ola 

— base X ■; licight 

riinsv^ 

^ longer diameter X short diameter X0 7854 

Regular polygon 

--- sum of sides X 4 perpendicular distance 
from centre of sides 

Surface of sphere 

= X sc[uare of diameter 

Surface of cone 

= area of base-p(circumference of base x| 
slant height) 

Volume 


Fnsm 

-- area of base x height 

Pyramid or cone 

= area of base X height 

Sphere 

= 4'loOX radius- 

Position of centre of gravity 

I'rianglc 

— 1 perpendicular height from liase 

Parabola 

— 1- licight from base 

Semi-Parabola 

= length of the axis from the vertex, and 


'i of tlie semi-base fiom the axis 

9 

Parallelogram 

— At thi' intersection of the diagonals 


Prism or cylinder =- Ai the middle point of the line joining 

the centre of gravity of tiie buses 
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04 CO ir> 
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g S J 
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(btbtbtDtcr^cbdbcocio^-bcfvieo'^coio 

•s 

s 

1_ 

f>OTf'CO — ■^00—*^t^0rf'0t0040iri 

W'^^'^ioiOihooor^r^oDcodioO 

Sectional 

area 

— CM^or'04coo4«o-^ersT^o O 

C4 •*.< CO 04 cr. 30 O O 03 CD ^ U"3 CD CO 

t^Ocooo*—•iooio^cO'^erie4coiocr>(o 
•—•—«t—«CMCM04C0Trr}"iOC0r^C0CT3O04 

•W 

•5? S ^ 

.—•CC304t;~<piog^Oi^'—ipocooeolo 
tb6o>“'^<bcr5^t^cr3t^co^<Oio»occdr3 
— 04 04eoco'^'^iotor^cocn 

Size 
in mm. 

75x50 
100x50 
125x75 
150x80 
175x90 
200X100 
225x100 
250x125 
275X140 
300x150 
325x165 
350x165 
400x165 
450x170 
500x180 
550x190 
600x210 
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APPENDIX VI 

Common Conversion Factors 


Linear Measure 


Multiply by 

To convert 

To 

25-4 

inch 

millimetres. 

0-305 

foot 

metres. 

0-9144 

yard 

metres. 

201168 

furlong 

metres. 

1-609 

mile 

kilometres 

Square Measure 

Multiply by 

To convert 

To 

6-45 

sq.inch 

sq. eentimetres. 

0-093 

sq. foot 

sq. metres. 

0-836 

sq. yard 

sq. metres. _ 

40-447 

acre 

sq. decametres 

2-588 

sq. mile 

sq. kilometre. 

Cubic Measure 

Multiply by 

To convert 

To 

16-39 

cubic inch 

cubic centimetres 

28-32 

cubic ft. 

cul'.ic decimetres. 

0-756 

cubic yards 

cubic metres. 

Liquid Measure 

Multiply by 

To convert 

To 

0-142 

gill 

litres 

0-568 

pint 

litres 

1-136 

Quart 

litres 

4-546 

gallons 

litres 
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01^ 


General Conversion 


Multiply by 

To convert 

To 

70-3 

Ib./sq. inch 

gram./sq. cm. 

4-883 

Ib./sq. ft. 

kgm./sq. metre. 

0-593 

lb./cubic yard 

kgm./cubic metre. 

16-02 

Ib./cubic ft. 

$9 99 99 

0-0998 

lb /gallon 

kgm./litre. 

0-1383 

foot pounds 

kgm. metres. 

0-33 

foot tons 

tonne metres. 

746 

horse power 

watts. 

33000 

»» 99 

ft. lb./minute. 

76 

99 99 

kgm. m./second. 

44 

watts 

ft. Ib./minute. 

o-i 


kgm. m, ^second. 

88 

miles/hour 

ft./minute. 

197 

metres/sec. 

99 99 

1-488 

Ib./ft. 

kgm./metre. 

0-496 

lb./yard 

>1 j> 

3333 33 

tons/ft. 

>1 

nil \i 

tons/yard 

»j »» 

0-2818 

lbs./mile 

kgm./k. metre. 

10 916 

ton.s/sq. ft. 

tons/sq. metre. 

1-215 

tons/sq. yard 

* 

99 99 99 

1 329 

tons/cubic yard 

tons/cubic metre 

48 905 

gallons/sq. ft. 

litres/sq. metre. 

50-80 

cwt. 

kilograms. 

1016-3 

tonne 
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LOGARITHMS 


1 

n 

D 

2 

2 

D 

D 

D 

Di 

D 

n 



7 8 9 

10 

0000 

0043 

0086 

0128 

0170 

0212 

0253 

0294 

0334 

0374 

59*3 
4812 

1721 26 
162024 

303438 

2832 36 

M 


04 fl 

0492 

053 * 

0569 

0607 

0645 

0682 

07*9 

0755 

48 12 
47 ** 

16 20 23 
15 18 22 

27 3 * 35 
26 29 33 

m 


0S28 

0864 

0899 

0934 

0969 

1004 

1038 

1072 

X106 

37 ** 

3 7 *0 

14 X8 21 
14 17 20 

25 28 32 
2427 31 

13 

■ 

1173 

I206 

1239 

1271 

1303 

*335 

*367 

*399 

* 4 ?o 

3610 
37 *0 

*316 19 
*3 *6 *9 

23 26 29 
22 25 29 

14 

Hi 

1492 

1523 

*553 

*584 

1614 

1644 

*673 

*703 

*732 

36 9 
36 9 

12 15 19 
12 14 17 

22 25 28 
2023 26 

16 

1761 

1790 

1818 

1847 

1875 

1903 

* 93 * 

*959 

1987 

20x4 

36 9 
36 8 

*** 4*7 

1114*7 

20 23 26 
19 22 25 

16 

2041 

2068 

2095 

2122 

2148 

2175 

2201 

2227 

225? 

2279 


II 1416 
101316 

19 22 24 
1821 23 

17 

2304 

2330 

235s 

2380 

2405 

2430 

24^5 

2480 

2304 

2329 

35 8 
35 8 

EXilB 

18 20 23 
17 20 22 

18 

2553 

2577 

2601 

2625 

2648 

2672 

2695 

2718 

2742 

2765 

25 7 
24 7 

91214 
9 ** *4 

17 19 21 
16 18 21 

19 

2788 

2S10 

2833 

2856 

2878 

2900 

2923 

2945 

2967 

2989 

24 7 
24 6 

91* 13 

811 13 

16 18 20 
* 5*7 *9 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 
81 
82 
88 
84 

36 

86 

87 

88 
89 

40 

41 

42 
48 
44 

46 
48 

47 

48 

49 

I3010 

3222 

3424 

3617 

3802 

3979 

4150 

4314 

4472 

4624 

477 * 

4914 

505* 

15185 

[5315 

'5441 

{5563 

5682 

5798 

'.591* 

| 602 I 

!6i28 

,6232 

;6335 

!6435 

‘6532 

O62S 

16721 

j68i2 

I6902 

3032 

3243 

3444 

3636 

3820 

3997 

4*66 

4330 

4487 

4639 

4786 

4928 

5065 

5*98 

5328 

5453 

5575 

5694 

5809 

5922 

6031 

6138 

6243 

6345 

6 ‘M 4 

6542 

6637 

6730 

6821 

6911 


307s 

3284 

3483 

3674 

3856 

403* 

4200 

4362 

45*8 

4669 

48*4 

4955 

5092 

5224 

5353 

5478 

5599 

57*7 

5832 

5944 

6053 

6160 

6263 

6365 

6464 

6561 

6656 

6749 

6839 

6928 

3096 

3304 

3502 

3692 

3874 

4048 

4216 

4378 

4533 

4683 

4829 

4969 

5*05 

5237 

5366 

5490 

5611 

5729 

5843 

5955 

6064 

6170 

6274 

6375 

6474 

657* 

6665 

6758 

6848 

6937 

3**8 

3324 

3522 

37 ** 

3892 

4065 

4232 

4393 

4548 

469S 

4843 

4983 

5**9 

5250 

5378 

5502 

5623 

5740 

5855 

5966 

6075 

6180 

6284 

63S5 

6484 

6580 

6675 

6767 

6857 

6046 

3*39 

3345 

354 * 

3729 

3909 

4082 

4249 

4409 

4564 

47*3 

4857 

4997 

5*32 

5263 

539 * 

55*4 

563s 

5752 

5866 

5977 

6085 

6191 

6294 

6395 

6493 

6590 

6684 

6776 

6866 

6955 

3160 

336s 

3560 

3747 

3927 

4099 

4265 

4425 

4579 

4728 

4871 

5011 

5*45 

5276 

5403 

5527 

5647 

5763 

5877 

5988 

6096 

6201 

6304 

6405 

6503 

6599 

6693 

6785 

6875 

6964 

3 * 8 * 

3385 

3579 

3766 

3945 

4116 

4281 

4440 

4594 

4742 

4886 

5024 

5*59 

5289 

5416 

5539 

5658 

5775 

5888 

5999 

6107 

6212 

6314 

6415 

65*3 

6609 

6702 

6794 

6884 

6972 

3201 

3404 

3598 

3784 

3962 

4*33 

4298 

4456 

4609 

4757 

4900 

5038 

5*72 

5302 

5428 

555* 

5670 

5786 

5899 

6010 

6117 

6222 

6325 

6425 

6522 

66x8 

67x2 

6803 

6893 

698X 

24 6 
24 6 
24 6 
24 6 
24 5 

23 5 
23 5 
23 5 
23 5 
*3 4 

*3 4 
*3 4 
*3 4 
*3 4 
*3 4 

12 4 

12 4 
12 3 
*2 3 
*% 3 
12 3 
*2 3 

*2 3 

12-3 
12 3 

X 2 3 
12 3 

X 2 3 
12 3 
12 3 

8 II 13 
810 12 
8x0x2 
7 9*1 
7 9*1 

7 9*0 
7 8 10 
689 
689 

679 

679 

678 

578 

S 6 8 
568 

567 
5 6 7 
567 
567 
4 5 7 
456 

4 5 6 

456 

456 

456 

456 
456 
4 5 5 
4 4 5 
4 4 5 

*5 *7 *9 
141618 

* 4 * 5*7 
* 3*5 17 
1214 lO 

* 2*4 *5 
11 * 3*5 
II 13 24 
11 12 14 
10 12 13 

10 xx 13 
10 11 12 
9IX 12 
910 12 
910 11 

9*0X1 

810IX 

8 9 10 

8 9x0 

8 910 

8 910 
789 
789 
789 
789 
789 

678 

678 

678 
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BXTILDIKO CONSTBUOnON 


LOGARITHMS 



D 

a 

D 

8 

[E 

D 

D 

B 

D 

D 

168 

468 

780 

60 

6990 

&:io8 

7007 

;::6 

•/024 

7033 

7042 

7050 

7059 

70^ 

X 23 

345 

698 

61 

7076 

7084 

7093 

7101 

7110 

7118 

7x26 

7135 

V-43 

7152 

1*3 

345 

678 

62 

7x60 

7168 

7*77 

7185 

7193 

7202 

7210 

7218 

722^ 

7235 

122 

345 

677 

68 

7243 

725 T 

7259 

7267 

7275 

7284 

7292 

7300 

7308 

73*6 

122 

345 

667 

64 

7324 

7332 

73*10 

7348 

7356 

7364 

7372 

7380 

7388 

7396 

122 

345 

667; 

S6 

7404 

7413 

7419 

7427 

7435 

7443 

745* 

7459 

7409 

7474 

xaa 

34 * 

r6 7!l 

66 

74S2 

7490 

7497 

7505 

75*3 

7520 

7528 

7536 

7543 

755* 

122 

34 5 

367 

67 

75S9 

75^6 

7574 

7582 

7589 

7597 

7604 

7612 

76*9 

7627 

X 2 2 

343 

567 

68 

7634 

7642 

7649 

7657 

7664 

7672 

7679 

7686 

7694 

770* 

II 7. 

344 

567 

69 

7709 

7716 

7723 

773* 

773S 

7745 

7752 

7760 

7767 

7774 

I z 2 

344 

567 

60 

77S2 

7789 

7796 

7803 

7810 

7S18 

7825 

7832 

7839 

7846 

I z 2 

344 

566 

61 

7SS3 

7S60 

7868 

7S75 

7882 

7889 

7890 

7903 

79*0 

79*7 

1 ! 2 

344 

566 

62 

7924 

7931 

7938 

7945 

7952 

7959 

7966 

7973 

7980 

7987 

I I 7 

334 

566 

63 

7993 

Sooo 

8007 

8014 

8021 

8028 

8035 

8041 

S048 

8055 

: I 2 

334 

556 

64 

8062 

8069 

S075 

SoSa 

8089 

8096 

8102 

8109 

8116 

8X22 

X Z 2 

334 

556 

66 

S120 

8136 

814a 

8*49 

8156 

8162 

8169 

8176 

8182 

S1S9 

1 I 2 

334 

556 

66 


S202 

8209 

8215 

8222 

8228 

8235 

8241 

8248 

8254 

1 Z 2 

33 4 

556 

67 

S261 

S267 

£274 

8280 

8287 

S293 

8299 

8306 

8312 

83*9 

X x 2 

334 

556 

68 

8325 

833* 

8338 

8344 

835* 

8357 

8363 

8370 

8376 

[8382 

112 

334 

456 

69 

83S8 

8395 

8401 

8407 

8414 

8420 

8426 

8432 

8439 

844s 

I Z 2 

234 

456 

70 

845* 

8457 

8463 

8470 

S476 

8482 

8488 

8494 

8500 

8506 

I Z 2 

234 

456 

71 

85*3 

8519 

8525 

853* 

85?.7 

8543 

8549 

8555 

8<;6i 

8567 

I 1 2 

234 

455 

72 

8573 

8579 

8585 

859* 

8597 

8603 

8609 

8615 

8621 

8627 

I I 2 

234 

455 

78 

8633 

8630 

8645 

865* 

8657 

8663 

8669 

S675 

8681 

8686 

I I 2 

234 

45 5 

74 

8692 

8698 

8704 

8710 

8726 

8722 

8737 

8733 

8739 

8745 

X Z 2 

234 

455 , 

76 

8751 

8756 

8762 

87C8 

8774 

8779 

8785 

879* 

8797 

8802 

1 I 2 

233 

455 

76 

8808 

8S14 

8820 

8825 

8831 

8837 

8842 

S848 

8854 

8859 

I 1 2 

233 

45 5 

77 

8865 

8871 

8876 

8882 

8887 

8893 

8899 

8904 

8910 

89*5 

I I 2 

233 

445 

78 

8921 

8927 

S932 

8938 

8943 

8949 

8954 

8960 

8965 

8971 

I I 2 

233 

445 

79 

8976 

8982 

8987 

8993 

8998 

9004 


9015 

9020 

9025 

I I 2 

233 

445 


903* 

9036 

9042 

9047 

9053 

9058 

9063 

9069 

9074 

9079 

I I 2 

233 

44 5 

81 

90S5 

9090 


9101 

9*06 

9x12 

9**7 

9122 

9128 

9*33 

I I 2 

233 

445 

82 

9138 

9143 

9*49 

9*54 

9*59 

9*65 

9170 

9*75 

9180 

9186 

X I 2 

233 

445 

83 

9191 

9196 

9201 

9206 

c^iz 

0217 

9222 

9227 

9232 

9238 

X Z 2 

233 

445 

84 

5243 

924S 

9253 

9258 


9269 

9274 

9279 

9284 

9289 

I Z 2 

233 

445 

86 

9294 

9299 

9304 

9309 

S9 


5325 

9330 

9335 

9340 

I Z 2 

233 

445 

86 

9345 

9350 

9355 

9360 

93^5 

93)0 

9375 

9380 

938s 

9390 

1X2 

233 

445 

87 

9395 

9400 

9405 

94*0 

941519420 

9425 

9430 

9435 

9440 

Oil 

223 

34 4 

88 

9445 

9450 

9455 

9460 


9469 

9474 

9479 

0484 

9489 

01 I 

223 

34 4 

89 

9494 

9499 

9504 

9509 

95*3 

95*8 

9573 

9528 

9S33 

9538 

01 1 

223 

344 

90 

9542 

9547 

9552 

9557 

9562 

0566 

957* 

9576 

9581 

9586 

01 X 

223 

344 

91 

9S90 

9595 

9600 

9605 

9609 

9614 

9619 

9624 

962S 

9633 

01 I 

223 

344 

92 

9638 

9&43 

9647 

9652 

9657 

9661 

9666 

967* 

9675 

9680 

Oil 

223 

344 

93 

9685 

0689 

9694 

9699 

9703 

9708 

97*3 

9717 

9722 

9727 

Oil 

223 

344 

94 

9731 

973<» 

974* 

9745 

9750 

9754 

9759 

9763 

9768 

9773 

O.Z I 

223 

344 

95 

9777 

9782 

97S6 

9791 

9795 

9800 

9805 

9S09 

9814 

9818 

01Z 

223 

344 

96 

9823 

9827 

9832 

9836 

9841 

9845 

9850 

9854 

9859 

9863 

OZ I 

223 

344 

l®Z 

9868 

9S73 

9877 

9882 

9886 

9890 

9894 

9S99 

9903 

9908 

01Z 

2*3 

344 

88 

991* 

99*7 

992* 

9926 

9930 

9934 

9939 

9943 

9948 

9952 

OZ 1 

223 

344 

IE. 

9956 

9961 

9965 

9969 

9974 

9978 

9983 

9987 

9991 

9996^ 

011 

aaj 

334 
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ANTILOGARITHMS 


r 

0 

1 

8 

8 

4 

5 

6 

7 

8 

9 

123 

456 

789 

•00 

1000 

1002 

1005 

1007 

lOOO 

1012 

1014 

1016 

1019 

1021 

001 

til 

222 

•01 

1023 

1026 

1028 

*030 

*033 

*035 

1038 

1040 

X042 

*045 

001 

til 

2 2 2 

•02 

1047 

1050 

1052 

*054 

101:7 

*0.59 

1062 

10U4 

1067 j 1069 

001 

III: 

2 2 2 

•08 

1072 

1074 

1076 

1079 

loSi 

10S4 

1086 

1089' 

1091 

1094 

001 

11 I 

2 2 2 

•04 

1096 

1099 

1102 

1104 

1107 

1x09 

1112 

1114 

1117 

1119 

01 1 

112 

22 2 

•06 

1122 

1125 

1127 

H30 

1x32 

** 3 S 

1138 

1140 

**43 

1146 

01 I 

112 

2 2 2 

•06 

1148 

1151 

1*53 

1156 

11'9 

li€i 

1164 

1167 

1169 

1172 

01 I 

I 1 2 

2 2 2 

•07 

n 75 

1x78 

1180 

i *!?3 

1180 

1189 

1191 

**94 

**97 

**99 

oil 

112 

2 2 2 

•08 

!202 

1205 

1708 

1211 

1213 

X 2 I 6 

1219 

1222 

1225 

1227 

01 1 

11 2 

223 

•00 

1230 

1233 

1236 

1259 

1242 11245 

1247 

1250 

*253 

1250 

011 

11 2 

223 

•10 

j:.59 

1262 

1265 

126S 

I 27 X 1 1274 

1276 

*279 

12S2 

12S5 

oil 

11 2 

223 

•11 

1288 

1291 

1294 

*297 

1 VO 11305 

*306 

*309 

1312 

* 3*5 

01 1 

12 2 

223 

• 3.2 

13:8 

1321 

*324 

*327 

*310 

*334 

*337 

*340 

* 3-13 

1346 

01 I 

12 2 

223 

•IS 

J .349 

* 3.52 

*355 

:3:,^ 

lioi 

1365 

1368 

* 37 * 

*374 

*377 

01 1 

12 2 

233 

•14 

1380 

* 3^4 

! 3«7 

*390 

’• 39 . 11 1396 

1400 

*403 

1406 

1409 

01 I 

1 2 2 

233 

•16 

1413 

1416 

« 4*9 

X422 

- 4;6 

1429 

*432 

*435 

*439 

144 '* 

01 1 

12 2 

233 

•1« 


*449 

*452 

• amt* 

s-: 5.9 

1462 

1466 

1469 

1472 

1476 

0 1 1 

I 2 2 

233 

•17 

1470 

I4S'-} 

l 4 Sn 

X409 

*•193 

* 49 *- 

ISOO 

*503 

*507 

1510 

0 1 I 1 I 2 2 

233 

•18 

iri.; 

* 5*7 

* 52 * 

1524 

I5?S 

* 53 * 

*.535 

*538 

1542 

*.545 

0 1 I 

12 2 

233 

•19 


\S 32 

i55<' 

X5CC 

* 5^*3 

1507 

1570 

*574 

157S 

1581 

0 1 1 

1 2 2 

333 

•20 

1 y -Cr 

1^0 

*592 

11:96 

r 

*6-..3 

1607 

1611 

1614 

1618 

01 I 

12 2 

333 

i -SI 

j 0^ 0 

1629 



1O44 

1648 

1652 

3650 

01 I 

22 2 

333 

•22 

1 r:^-. 

1963 

1667 

1671 

1675 

1679 

1683 

1087 

1690 

1694 

01 1 

22 2 

333 

•23 

; IC'OS 

1', 02 

i7o{> 

lyio 

1714 

1718 

1722 

1726 

1730 

1734 

oil 


334 

•24 

I173S 

1742 

174C 

i;:,o 

*754 

* 75 « 

1702 

1766 

1770 

*774 

0 Z I 

222 

334 

•26 

I 77 £ 

1782 

I7‘'6 

* 79 * 

*795 

*799 

1S03 

1807 

1811 

j3i6 

01 I 

2 2 2 

334 

•?0 

I £20 

1824 

lS*8 

1S32 

^8:;? 

,*841 

*845 

1849 

iS'j.iSsS 

oil 

223 

334 

•27 

:bb2 

1.866 

1X71 

i «75 

* 8:9 

ibb4 

1S88 

11^92 

1897 

1901 

01 1 

223 

334 

•28 

1905 1 ;r>io 

* 9*4 

IQJ^ 

J 9.'3 

192S 

*932 

10;,6 

* 94 * 1*945 

01 I 

223 

344 

•20 

ir 5 ^|i 954 

1959 

*;*3 

h.l>8 

1972 

19/7 

1982 

1986 

* 99 * 

01 1 

223 

344 

•SO 

1995 j 2000 

2004 

2009 

20:4 

2018 

20?3 

202S 

2032 

2037 

oil 

223 

344 

•»1 

2 C '42 1 2046 

2051 

20f6 

roGi 

=003 

2070 

2075 

20S0 

2084 

0 I i 

223 

344 

•32 

1 2089 

2094 

2090 

21‘C4 

2100 

2113>2118 

2*23 

2128 

2133 

0 I I 

223 

34 4 

•53 

21'j8 

=*43 

2148 

2 * 5 J 

I2i5>i 2163'2168 

2173 

2178 

2183 

01 1 

2 2 •» 

344 

•84 

21.SS 

2193 

2198 

22?3 

2708 

22*3 

. 2218 

2223 

2228 

2234 

1 1 2 

233 

44 5 

•S6 

=-39 

2244 

2249 

2254 

2.x;,9'226512270 

2275 

2280 22S6 

1 I 2 

233 

445 

•86 

2291 

2296 

2301 

•* 3->7 

2312 

2 . 1*7 

2323 

2328 

2333 

2339 

I I 2 

233 

44 5 

•87 

2344 

2350 

2355 

2360 

2306 

,237*12377 

2382 

2388 

, 2 J 93 

1 1 2 

.233 

44 5 

• 3 S 

2399 

2404 

2410 

24*5 

2421 

2427 

2432 

2438 

244312449 

112 

233 

445 

•88 

=455 

2460 

2466 

2472 

2477 

2483 

2489 

2495 

2500 j 2506 

112 

233 

455 

•40 

2512 

25 *S 

2523 

=529 

255s 

2541 

2547 

2553 

2559 

2564 

112 

234 

455 

•41 

2570 

2576 

25S2 

7588 

0594 

2600 

2606 

2(312 

2018 

2024 

112 

234 

455 

•42 

2630 

2636 

2642 

2649 

26-55 

2G61 

2667 

2673 

2679 

2685 

I 1 2 

234 

456 

•48 

2692 

2698 

2704 

2710 

2716 

2723 

2729 

2735 

2742 

2748 

I 1 2 

334 

456 

•44 

2754 

2761 

2767 

2773 

2780 

2786 

2793 

2799 

2805 

2812 

112 

334 

456 

•45 

2S18 

2825 

2831 

2838 

2844 

2851 

2858 

2864 

2S71 

2S77 

I I 2 

334 

556 

•48 

2884 

2891 

2897 

2904 

2911 

2917 

2924 

293* 

2938 

2944 

1 I 21334 

556 

•47 

295 * 

2958 

2965 

2972 

2979 

2985 

2992 

2999 

3cx)6 

3013 

I 1 2 

334 

556 

1 -48 j| 3020 

3027 

3034 

304 •• 

3048 

3055 

3062 

3069 

13076 3083 

1 1 2 

344 

566 

1-48 

13099 

3097 

3*05 

3**2 

3 ** 9 j 3*26 

3 * 3 d 

3»4» 

f3>4&;di5S 

11 a 

344 

566 
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BUILD^’G COKSTBXJCTION 


ANTILOGARITHMS 


1 

0 

1 

2 

8 

4 

5 

6 

7 

8 

9 

128 

7 

T 

7 

7 

7 


•so: 

t 

3162 

3170 

3*77 

3184 

3192 

3*99 

3206 

32x4 

322 X 

3228 


3 

4 

4 

5 

T 

7 

'61 

3236 

3243 

325* 

3258 

3266 

3273 

3281 

3289 

3296 

3304 


3 

4 

5 

5 

6 

7 

'63 

33” 

33*9 

3327 

3334 

3342 

3350 

3357 

3365 

3373 

3381 


3 

4 

5 

5 

6 

7 

•68 

33«« 

3396 

3404 

34*2 

3420 

3428 

3436 

3443 

345* 

3459 

X 22 

3 

4 

5 

6 

6 

7 

•64 

3467 

3475 

3483 

349* 

3499 

3508 

35*6 

3524 

353* 

3540 

X 22 

3 

4 

5 

6 

6 

7 

cm 

3548 

3556 

356s 

3S73 

358* 

3589 

3597 

3606 

3614 

3622 

X22 

3 

4 

5 

6 

7 

7 

•56 

3<J3J 

3639 

3648 

3656 

3664 

3673 

368X 

3690 

3698 

3707 

X23 

3 

4 

5 

6 

7 

8 

•67 

371S 

3724 

3733 

374* 

3750 

3758 

3767 

3776 

3784 

3793 


3 

4 

5 

6 

7 

8 

•68 

3802 

38*1 

38*9 

3828 

3837 

3846 

3855 

3864 

3873 

3882 


4 

4 

5 

6 

7 

8 

•69 

3890 

3899 

3908 

39*7 

3926 

3936 

3945 

3954 

3963 

3972 

|Sj 

4 

5 

5 

6 

7 

8 

•60 

3981 

3990 

3999 

4009 

4018 

4027 

4036 

4046 

4055 

4064 


4 

5 

6 

6 

7 

8 

•61 

4074 

4083 

4093 

4102 


4121 

4*30 

rrm 

4*50 

4*59 

*23 

4 

5 

6 

7 

8 

.9 

•62 

4169 

4178 

4188 

4198 


4217 

4227 

4236 

4246 

4256 

*23 

4 

5 

6 

7 

8 

9 

•68 

4266 

4276 

4285 

4295 

4305 

43*5 

4325 

4335 

4345 

4355 

X 2-3 

4 

5 

6 

7 

8 

9 

•64 

4365 

4375 

4385 

4395 

4406 

44*6 

4426 

4436 

4446 

4457 


4 

5 

6 

7 

8 

9 

66 

4467 

4477 

4487 

4498 

4508 

45*9 

4529 

4539 

4550 

4560 

M 

4 

5 

6 

7 

8 

9 

•66 

4571 

458* 

4592 

4603 

4613 

4624 

4634 

4645 

4656 

4667 

X23 

4 

5 

6 

7 

9 

xo 

•67 

4677 

4688 

4699 

47*0 

4721 

4732 

4742 

4753 

4764 

4775 

X23 

4 

5 

7 

8 

9 

xo 

•68 

4786 

4797 

4808 

48*9 

483* 

4842 

4853 

4864 

4875 

4887 

X23 

4 

6 

7 

8 

9 

10 

•69 

4898 

4909 

49*0 

4932 

4943 

4955 

4966 

4977 

4989 

5000 

HQ 

5 

6 

7 

8 

9 

10 

•70 

5012 

5023 

5035 

5047 

5058 

5070 

5082 

5093 

5*05 

5**7 

IS 

5 

6 

7 

8 

9 

XX 

•71 

S”9 

5*40 

5*52 

5*64 

5*76 

5x88 

5200 

5212 

5*24 

5236 

124 

5 

6 

7 

8 

xo 

XI 

•78 

5248 

5260 

5272 

5284 

5297 

5309 

532* 

5333 

5346 

5358 





9 

xo 

II 

•78 

5370 

5383 

5395 

5408 

5420 

5433 

5445 

5458 

5470 

5483 

It 




9 

xo 

XX 

•74 

5495 

5508 

552* 

5534 

5546 

5559 

5572 

5585 

5598 

5610 

ft 




9 

xo 

X2 

•76 

5623 

5636 

5649 

5662 

5675 

5689 

5702 

5715 

5728 

574* 

*34 

5 

7 

8 

9 

10 

X2 

•76 

5754 

5768 

578* 

5794 

5808 

5821 

5834 

5848 

5861 

5875 

*34 

5 

7 

8 

9 

IX 

X2 

•77 

5888 

5902 

59*6 

5929 

5943 

5957 

5970 

5984 

5998 

60x2 

*34 

5 

7 

8 

xo 

XX 

X2 

•78 i 

6026 

6039 

6053 

6067 

toSi 

6095 

6109 

6124 

6138 

6x52 

*34 

6 

7 

8 

xo 

XX 

*3 

•79 

6166 

6180 

6194 

6209 

6223 

6237 

6252 

6266 

628X 

6295 

*34 

6 

7 

9 

xo 

11 

*3 

60 

6310 

6324 

6339 

6353 

6368 

6383 

6397 

6412 

6427 

6442 

*34 

6 

7 

9 

xo 

X2 

*3 

•81 

6457 

647* 

6486 

6501 

6516 

653* 

6546 

6561 

6577 

6592 

235 

6 

8 

9 

IX 

X2 

*4 

•82 

6607 

6622 

6637 

6653 

6668 

6683 

6699 

6714 

6730 

6745 

235 

6 

8 

9 

XX 

12 

*4 

•88 

6761 

6776 

6792 

6808 

6823 

6839 

6855 

6871 

6887 

6902 

235 

6 

8 

9 

XI 

*3 

*4 

•84 

6918 

6934 

6950 

6966 

6982 

6998 

70x5 

703* 


7063 

235 

6 

8 

10 

XX 

*3 

*5 

•86 

7079 

7096 

7112 

7129 

7*45 

7161 

7178 

7*94 

72x1 

7228 

*35 

7 

8 

xo 

12 

*3 

*5 

•86 

7244 

7261 

7278 

7295 

73** 

7328 

7345 

7362 

7379 

7396 

235 

7 

8 

xo 

X2 

*3 

*5 

•87 

74*3 

7430 

7447 

7464 

7482 

7499 

75*6 

7534 

755* 

7568 

*35 

7 

9 

xo 

X2 

*4 

x6 

•88 

7586 

7603 

7621 

7638 

7656 

7674 

7691 

7709 

7727 

7745 

*45 

7 

9 

IX 

12 

14 

x6 

•89 

7762 

7780 

7798 

7816 

7834 

7852 

0 

00 

7889 

7907 

7925 

*45 

7 

9 

XI 

*3 

14 

x6 

•90 

7943 

7962 

7980 

7998 

8017 

8035 

8054 

8072 

809X 

8xxo 

246 

7 

9 

IX 

*3 

*5 

*7 

•91 

8128 

8*47 

8166 

8*85 

8204 

8222 

8241 

8260 

8279 

8299 

246 

8 

9 

XX 

*3 

*5 

*7 

•92 

8318 

8337 

8356 

8375 

8395 

8414 

8433 

8453 

8472 

8492 

246 

8 

10 

12 

14 

*5 

*7 

'93 

iSc^ll 

853* 

8551 

8570 

8590 

8610 

8630 

8650 

8670 

8690 

246 

8 

10 

X2 

*4 

16 

x8 

•94 

8710 

8730 

8750 

8770 

8790 

88x0 


885X 

8872 

8892 

246 

8 

to 

12 

*4 

16 

x8 

01 

8913 

8933 

8954 

8974 

8995 

9016 

9036 

9057 

9078 

9099 

246 

8 

10 

12 

*5 

*7 

*9 

•96 

9120 

9*4* 

9162 

9*83 

9204 

9226 

9247 

9268 

9290 

93** 

246 

8 

11 

*3 

*5 

*7 

*9 

•97 

9333 

9354 

9376 

9397 

94*9 

35 

9462 

9484 

9506 

9528 

*47 

9 

xt 

*3 

*5 

*7 

20 

•98 

9550 

9572 

9594 

96x6 

9638 


9683 

9705 

9727 

9750 

247 

9 

II 

*3 

x6 

18 

20 

•99 

9772 

9795 

9817 

9840 

ma 

^ j 

9908 








x6 

18 

20 
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I-000 

9998 

9993 

9985 

9974 
9960 

9043 
9923 

90X) 

9874 

iTi :i *08^81984S 

981; 


9655 

iiS ij -9613 19608 


Natural cosines 

rVwnkrs in diffavneg columns to be subtracted, not add^.J 


o"-5 o"-6 


•9999 

9996 

9900 
9980 
9968 

9956 j 99541 

9934 





9999 9999 9999 000 
9996 9995 9995 000 
99S9 9988 0987 000 
9979 9978 9077 o o I 
9966 9965 9963 o o 1 


9959 9957 
9942 9940 
99 '’! 9919 
9898 9895 
9S71 9S69 

9842 9839 
;98io 9S06 
I ci‘7‘7.1 9770 
9732 

9O9O 

9650 9646 
OOO3 959S 
19553 l95-:S 
9494 


9996 9995 
99S9 9988 

9979 9973 
9966 9965 

995* 9949 
9932 9930 

9010 9907 
9885!0882 

' 9S54 



9367 19361 


sell -866018652 

8563 


8738 S729 8721 
8652 8643 8634 
8563 ^^554 8545 
8471 8462 8453 
8377 8368 8358 
8281 8271 8261 


8181 

38 ij -Sooo 18080 
7976 
7869 
7760 

7649 

7536 

42 ii -743^1 17420 


oil 
oil 
O X 1 


S616! 8607 
8517 

8443 i 843418425 
8329 


8934 i 8926 
SS54IS846 


S599 8590 


0785 

I I 2 

974S 

I I 2 

9707 

i X 2 

19' 64 

I [ 2 

9617 

122 

95^'8 

12 2 

95^6 

1 :: 3 

;946 i 

1 2 3 

9403 

! 2 3 

9343 

I 2 3 

9278 

1 2 3 

9212 

* 2 3 

9143 

1 2 3 

9070 

1 2 4 

S096 

1 3 4 

SoiS 

t 3 4 

8S38 

* 3 4 

8755 

« 3 4 

S669 

I 3 4 


8221 

S121 

801 s 

79 i 2 

783417793 
7694 

7581 7570 
7466 7455 

7349 


235 
235 
235 

2 3 5 

235 
235 

'! 4 5 

245 

246 
1755912 4 6 
1 74-13 12 4 6 


1778212 


246 

246 

246 

246 
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BUILDINQ COPSTEUCTIOV 


NATURAL COSINES 


in difference columns to be subtracted^ not added,} 


1 

n 

n 


18' 

ssv 


86' 


48' 

64' 

Mean I 

Differences | 

1 

m 

m 

m 

o'-S 

o°-4 

m 

o®*6 


o“*8 

o'-g 

128 

4 5 


•7071 

7059 

7046 

7034 

7022 

yoog 

6997 

6984 

6972 

6959 

246 

8 10 


•6947 

6934 

6921 

6909 

6896 

6884 

6871 

6858 

6845 

6833 

246 

8 XX 

47 

•68-20 

6807 

6794 

6782 

6769 

6756 

6743 

6730 

6717 

6704 

246 


48 

■6691 

6678 

666s 

6652 

6639 

6626 

6613 

6600 

6587 

6574 

247 

9 ** 

40 

•6561 

6547 

6534 

6521 

6508 

6494 

64S1 

6468 

645s 

6441 

247 

9 ** 

60 

*6428 

6414 

6401 

6388 

6374 

6361 

6347 

6334 

6320 

6307 

247 

9 ** 

61 

•6293 

6280 

6266 

6252 

6239 

6225 

6211 

6198 

6184 

6170 

2 5 7 

9 ** 

6£ 

•6157 

6143 

6129 

6115 

610X 

6088 

6074 

6oto 

6046 

6032 

257 

9 12 

El 

•6018 

6004 

5990 

5976 

5962 

5948 

5934 

5920 

5906 

5892 

257 

9 X2 

m 

•5878 

5864 

5850 

5835 

582 X 

5807 

5793 

5779 

5764 

5750 

257 

9 12 

E9 

•5736 

5721 

5707 

5693 

5678 

5664 

5650 

5635 

5621 

5606 

257 

XO 12 

56 

•5592 

5577 

5563 

5548 

5534 

55*9 

5505 

5490 

5476 

546* 

2 5 7 

XO X2 

67 

•5446 

5432 

54*7 

5402 

5388 

5373 

5358 

5344 

5329 

53*4 

257 

10 X2 

68 

•5299 

5284 

5270 

5255 

5240 

5225 

5210 

5*95 

5180 

5*65 

257 

10 X2 

59 

•5*50 

5*35 

5120 

5*05 

5090 

5075 

5060 

5045 

5030 

50*5 

358 

10 13 


•5000 

4985 

4970 

4955 

4939 

4924 

4909 

4894 

4879 

4863 

358 

*0 13 

Ea 

*^48 

4833 

4818 

4802 

4787 

4772 

4756 

474* 

4726 

47*0 

3 5 8 

10 13 

62 

*4695 

4679 

4664 

4648 

4633 

4617 

4602 

4586 

457* 

4555 

3 5 8 

10 13 

68 

•4540 

4524 

4509 

4493 

4478 

4462 

4446 

443* 

44*5 

4399 

358 

10 X3 

64 

•4384 

4368 

4352 

4337 

432* 

4305 

4289 

4274 

4258 

4242 

358 

1* *3 

\V4 

*4226 

4210 

4*95 

4*79 

4*63 

4*47 

4*3* 

4**5 

4099 

4083 

358 

XX X3 


•4067 

4051 

4035 

4019 

4003 

Km 

397* 

3955 

3939 

3923 

3 5 8 

IX X4 

167 

•3907 

389* 

3875 

3859 

3843 

3827 

38* * 

3795 

3778 

3762 

358 

11 14 

ELI 

•3746 

3730 

37*4 

3697 

368X 

3665 

3649 

3633 

3616 

3600 

358 

XX 14 

69 

*3584 

3567 

355* 

3535 

35*8 


3486 

3469 

3453 

3437 

358 

II 14 

70 

•3420 

3404 

3387 

337* 

3355 


3322 

3305 

3289 

3272 


XI 14 

71 

•3256 

3239 

3223 

3206 

3*90 


3*56 

3*40 

3*23 

3*07 

368 

11 14 

78 

•3090 

3074 

3057 

3040 

3024 

3007 

2990 

2974 

2957 

2940 

368 

11 14 


•2924 

2907 

2890 

2874 

2857 

2840 

2823 

2807 

2790 

2773 

368 

XI 14 


•2756 

2740 

2723 

2706 

2689 

2672 

2656 

2639 

2622 

2605 

368 

XX 14 


•2588 

2571 

2554 

2538 

252* 

2504 

2487 

2470 

2453 

2436 

368 

11 14 

76 

•2419 

2402 

2385 

2368 

235* 

2334 

23*7 

2300 

2284 

2267 

368 

XI 14 

77 

*2250 

2233 

2215 

2198 

2i8x 

2x64 

2*47 

2x30 

21x3 

2096 

369 

IX 14 

78 

•2079 

2062 

2045 

2028 

2011 

*994 

*977 

*959 

*942 

*925 

369 

XX X4 

79 

'I908 

1891 

1874 

*857 

1840 

x 822 

1805 

1788 

*77* 

*754 

369 

II 14 

80 

•1736 

1719 

1702 

1685 

1668 

1650 

*633 

1616 

*599 

1582 

369 

*2 *4 

81 

•1564 

*547 

*530 

*5*3 

*495 

*478 

X461 

1444 

1426 

1409 

349 

12 14 

82 

•1392 

*374 

*357 

*340 

*323 

*305 

X288 

1271 

*253 

*236 

369 

12 14 

88 

*1219 

1201 

1184 

1167 

**49 

1*32 

*1*5 

1097 

X080 

X063 

389 

12 14 

84 

•1045 

1028 

101X 

0993 

0976 

0958 

094* 

0924 

0906 

0889 

369 

12 ,14 

m 

•0872 

0854 

0837 

0819 

0802 

0785 

0767 

0730 

0732 

07*5 

369 

*2 15 

12 

•06^ 

0680 


0645 

0628 

0610 

0593 

0576 

055^ 

054* 

389 

12 15 

1 ^ 

•0523 

0506 

0488 

047* 

0454 

0436 

04*9 

040X 

0384 

0366 

369 

12 15 


•0349 

033* 

03*4 

0297 

0279 

0262 

0244 

0227 

0209 

0192 

369 

*2 15 


•0175 

*0000 

0157 

0140 

0x22 

0105 

0087 

0070 

0052 

003s 

0017 

369 

18 15 



































logarithm tables 


f)25 


NATURAL TANGENTS 



m 

m 

12' 

0**2 

18' 

o^3 

H 

m 

E9 

1 

36' 

o‘’-6 

IB 

Bjfl 

48' 

o^-S 

64' 

o“^9 

Meaa Differeoces 


8 

8 

4 5 

0 

•0000 

0017 

0035 

0052 

0070 

0087 

OIOS 

0122 

0140 

6*57 

3 

6 

9 

I* 15 

1 

•0175 

0192 

0209 

0227 

0244 

0262 

0279 

5297 

03*4 

0332 

3 

6 

9 

12 15 

2. 

•0349 

0367 

0384 

0402 

04*9 

0437 

0454 

0472 

0489 

0507 

3 

6 

9 

12 15 

8 

•0524 

0542 

0559 

0577 

0594 

0612 

0629 

0047 

0664 

0682 

3 

6 

9 

12 15 

4 

•0699 

0717 

0734 

0752 

0769 

0787 

0805 

0822 

0840 

0857 

3 

6 

9 

12 IS 

6 

•0875 

0S92 

0910 

0928 

0945 

0963 

0981 

0998 


*033 

3 

6 

9 

12 15 

6 

•1051 

1069 

1086 

1104 

1122 

**39 

**57 

1*75 

1192 

1210 

3 

6 

9 

12 IS 

7 

•1228 

1246 

1263 


*299 

*3*7 

*334 

*352 

*370 

1388 

3 

6 

9 

12 15 

8 

•140S 

1423 

1441 

*459 

*477 

*495 

15*2 

*530 

1548 

*566 

3 

6 

9 

12 15 

8 

•1584 

1602 

1630 

1638 

*655 

*673 

1691 

1709 

*727 

*745 

3 

6 

9 

12 IS 

10 

•1763 

1781 

1799 

1817 

*835 

*853 

1S71 

iSvjo 

1908 

1926 

3 

6 

9 

12 15 

11 

•1944 

1962 

1980 

1998 

2016 

2035 

2053 

2071 

2089 

2107 

3 

6 

9 

12 IS 

13 

•2126 

2144 

2162 

2180 

2199 

2217 

2235 

2254 

2272 

2290 

3 

6 

9 

12 IS 

18 

•2309 

2327 

2345 

2364 

2382 

2401 

2419 

2438 

2456 

2475 

3 

6 

9 

12 IS 

14 

•2493 

2512 

2530 

2549 

2568 

2586 

2605 


2642 

2661 

3 

6 

9 

12 16 

15 

•2679 

2698 

2717 

2736 

2754 

2773 

2792 

28x1 

2830 

2849 

3 

6 

9 

13 *6 


•2867 

2SS6 

2905 

2924 

2943 

2962 

2981 

3000 


3038 

3 

6 

9 

13 *6 


•3057 

3076 

3096 

3**5 

3*34 

Bra 

3*72 

319* 

kffl] 

3230 

3 

6 

10 

*3 *6 


•3249 

3269 

3288 

3307 

3327 


3365 

3385 

kfwl 

3424 

3 

6 

10 

13 *6 


•3443 

3463 

3482 

3502 

3522 

354* 

sst** 

3581 

k^Q 

3620 

3 

7 

10 

13 16 

20 

•3640 

3659 

3679 

3699 

37*9 

3739 

3759 

3779 


38*9 

3 

7 

10 

*3 *7 

21 

•3839 

3859 


3899 

39*9 


3959 

3979 

4000 

4020 

3 

7 

10 

13 *7 

22 

•4040 


4081 

4101 

4122 

4142 

4*03 

4*83 

4204 

4224 

3 

7 

10 

14 17 

23 

■4245 

4265 

42S6 

4307 


4348 

4369 

4390 

44** 

443* 

3 

7 

10 

14 17 

24 

*4452 

4473 

4494 

45*5 

4536 

4557 

4578 

4599 

4621 

4642 

4 

7 

11 

14 18 

25 

•4^63 

4084 

4706 

4727 

4748 

4770 

479* 

4813 

4834 

4S56 

4 

7 

II 

14 18 

28 

•4877 

4899 

4921 

4942 

4964 

4986 

500^ 

5029 

5051 

5073 

4 

7 

IX 

IS *8 

27 

•5095 

5117 

5139 

5*61 

5*84 

5206 

5228 

5250 

5272 

5295 

4 

7 

n 

*5 *8 

28 

'S317 

5340 


5384 

5407 

5430 

5452 

5475 

5498 

5520 

4 

8 

11 

15 19 

29 

•5543 

5566 

5589 

5612 

5635 

5658 

5681 

5704 

5727 

5750 

4 

S 

12 

15 19 

30 

•5/74 

5797 

5820 

5844 

5867 

5S90 

59*4 

5938 

5961 

5985 

4 

8 

12 

i5 20 

81 

•6009 

<^032 

6056 

6080 

6104 

6128 

6152 

6176 


6224 

4 

8 

12 

16 20 

82 

•6249 

‘>273 

6297 

6322 

6346 

637* 

639s 

6420 

6445 

6469 

4 

8 

12 

16 20 

88 

•6404 

6519 

6544 

6569 

6594 

6619 

6644 

6669 

6694 

6720 

4 

8 

*3 

17 21 

84 

•674s 

6771 

6796 

6822 

6847 

6873 

6S99 

6924 

6950 

6976 

4 

9 

*3 

17 21 

35 


7028 

7054 

7080 

7107 

7*33 

7*59 

7186 

7212 

7239 

4 

9 

*3 

18 22 


•7265 


73*9 

7346 

7373 

7400 

7427 

7454 

7481 

7508 

5 

9 

*4 

18 23 

87 

•7536 

7563 

7590 

7618 

7646 

7673 

7701 

7729 

7757 

7785 

5 

9 

*4 

18 23 

88 

•7813 

7841 

7869 

7898 

7926 

7954 

7983 

8012 

8040 

8069 

5 

9 

*4 

19 24 


•8098 

8127 

8156 

8185 

8214 

8243 

8273 

8302 

833* 

8361 

5*0 

*5 

20 24 

UO 

•8391 

8421 

845* 

8481 


8541 

857* 


8632 

8662 

5*0 

*5 

20 2S 

1 

•8693 

8724 

8754 

8785 

8816 

8847 

8878 

8910 

8941 

8972 

5*0 

16 

21 26 

J 42 

•9004 

9036 

9067 

9099 

9*3* 

9*63 

9*95 

922S 

9260 

9293 

5 *x 

16 

21 27 

1 ^ 

•9325 

9358 

939* 

9424 

9457 

9490 

95*3 

9556 

9590 

96*3 

611 

17 

22 28 

1 44 

•9657 

9691 

97*5 

9759 

9793 

9827 

9861 

9896 

9930 

9965 

611 

«7 

*3 *9 

















































































BUILDINO CONhTRtJCTION 



er \m 

0"-* o**3 


0105 0141 
0464 050Z 
0837 0875 
1224 1263 
1626 1667 

2045 2088 
3931243712482 2527 
2938 2985 


1*732117391 


3416 3465 
3916 3968 

4442 4496 
5051 

5637 

625s 

6909 


0212 

0575 

0951 
1303 1343 
1708 1750 

2131 2174 
2572 2617 
3032 3079 
3514 3564 
4019 4071 

4550 4605 
5108 5166 

5697 5757 

6319 6383 

6977 7045 

767s 7747 
8418 8495 
9210 9292 

2'OOS7 2*014 

0965 1060 

1943 a>45 
2998 3109 
4142 4262 
5386 5517 
6746 6889 

8239 8397 

9887 3*oo6i 
1716 1910 

3759 3977 

6059 6305 


7 0283! 
2 0649 
o 1028 

1383 1423 
1792 1833 

2218 2261 
2662 270S 
3127 3*75 
3613 3663 
4124 4176 

4659 4715 

5224 5282 
5818 5880 

6447 65*2 

7 i »3 7*82 


2148 

3220 

4383 

5«>49 

7034 

8556 
3.0237 ■ 
2106 
4*97 

6554 


<<*•9 

1 2 

1 8 

DD 

03*9 

6 12 18 

34 30 

0686 

6 12 18 

35 31 

1067 

6 13 19 

*5 32 

1463 

7 13 20 

37 33 

1875 

7 *4 21 

38 34 

2305 

7 14 22 

39 36 

2753 

8 15 23 

30 38 

3222 

8 16 24 

31 39 

3713 

8 16 25 

33 41 

4229 

9 17 26 

34 43 

4770 

9 i8 27 


5340 

10 19 29 

38 48 

594 * 

10 20 30 

40 50 

6577 

11 2 

I 33 

43 S 3 

7251 

11 2 

3 34 j 

45 S 6 

7966 

12 2 

4 36 

48 60 

872S 

13 2 

6 38 

5 * 64 

9542 

14 2 

7 41 

55 68 

2-0413 

IS 2 

9 44 

58 73 

1348 

16 3 

* 47 

63 78 

2355 

17 3 

4 SI 

68 85 

3445 

18 3 

7 55 

73 92 

4627 

20 4 

0 60 

79 99 

59*6 

22 4 

3 65 

87 108 

7326 

24 4 

7 71 

95 ”9 

887s 

26 5 

2 73 

104 131 

3*0595 

29 5 

8 87 

116 145 

2506 

EX 

4 96 

129 161 

4646 


2 loS 

144 180 

7062 

41 8 

I 122 

163204 

9812 

46 9 

13 139 

186 232 

2972 

53 *0 

•7 160 

213 267 

6646 1 





3435 3955 44*6 5026 5578 6140 

9124 9758 6-0405 6*10666*1742 6*2432 
6122 6912 7720 8548 9395 7*026^ 

4947 5958 6^ 8062 9158 8*0285 

6427 7769 9*52 9*0579 9*2052 9-3572 

10*20 10*39 10*58 10*78 10*99 ***20 

12*43 *271 13*00 13*30 13*62 13*95 

15*89 i6*3S 16*83 17*34 17*89 18*46 

22*02 22*90 23*86 24*90 26*03 27*27 

35*80,38*19 40*92 44*07 47*74 52*08 

71*62181*85 1 95*49 114*6 143*3 191*0 286*5 573*0 

































































LOQARITHBI TABLES 


627 



6' I 12' 18 ' 

0*-2 o'*-3 



4 r :**b436 

6 :i 2-9403 

6 


7 10859 


14 Ij r-3837 

15 
18 ; 

'v-4130 

*•4403 

17 :! ■^•4659 

18 1-4900 

m 

1-5126 

20 

21 

00 

*•534* 

*• 554.5 

1 


25 

86 

27 

28 
28 

30 1 1-6990 
81 !T-7ii8 
32 ! 1-7242 
83 ll 1*7361 

17476 
1*7586 
1*7692 
17795 

17893 

17989 

T*8o8i 

7 * 8 i 69 

ilsIS 

1*8418 


0920 09S1 
1489 1542 
1991 2030 

2459 ! 2482 

2845 I 2883 

32*4 3250 

3554 3586 

3807 3897 
415S I 41S6 

4430 4456 

ii684 4709 
4923 4946 
514.S 5170 

5361 53-32 
5563 I 55S3 
5754 i ;73 
5937 5954 
6 no 6127 

6276 6292 
6434 6449 
6585 6600 
6730 6744 
6869 68S3 

7003 7016 
7 » 3 i 7144 
7254 7266 

7373 7384 

7487 7498 

7597 7607 
7703 7713 
7805 7815 
7903 79*3 
7998 8007 

8090 8099 
8178 8187 
8264 8272 
8346 8354 
8426 8433 


38S0 
^220 
7602 J 7731 
8849 

9736 

0403^0472 
1040 

*594 

2085 


5402 
5602 

57 y 2 ; 5 ^.;o 

5990 


9408 2-0200^-0870 
4179 4459 4723 
6397 6567 6731 
7857 7979 809S 
£946 9042 913s 

9816 9894 9970 
0539 0605 0670 
1157 1214 1271 
1697 1747 1797 
2176 222i 2266 

2606 2647 2687 

2997 3034 3070 

3353 338713421 
3682 3713 3745 
3986 4C15 4044 

4269 4296 4323 

4533 4559 4584 
4781 4805 4829 
$<>*5 5037 5060 
5235 5256 5278 

5443 5463 5484 
5641 5660 5679 
5828 5847 5865 
6007 6024 6042 
6177 6194 6210 

6340 6356 6371 
6495 6510 6526 
6644 6659 6673 
6787 6801 6814 
6923 6937 6950 

7055 7068 70S0 
7181 7193 7205 
7302 7314 7326 

7419 7430 7442 
753 * 7542 7553 
7640 7650 7661 

7744 7754 7764 

7844 7854 7864 

794 * 795 * 7960 

8035 8(xm 8053 

8125 8134 8143 
8213 8221 8230 
8297 8305 8313 
8378 8386 8394 
8457 8464^ 8472 


Mean 

48 64 ' DiSerencw 

O^-S 0**9 T~_ _ 1 ~ 

1 2 3 4 6 


3-1961 

5206 

704* 

8326 

93*5 

1*0120 

0797 

*38* 

189s 

2353 

2767 

3*43 

3488 

3806 

4ZC2 

4377 

4634 

4S76 

5*04 

5320 


63248 

32639 
I * 22 33 
1019 29 
817 25 

8*523 

7 14 20 
612 19 
6n 17 
5IX16 

5*0:5 

5 9*4 

4 9*3 
4 8X2 
4 8:1 
4 7*1 


64 So 

5265 

44 55 

3848, 

3442 

3038 

27 34 
253* 

23 28 
21 26 
2024 

*823 

1721 

1620 

* 5*9 

X418 


5523 3 
57*7 3 
5901 3 
6076 3 
6243 3 
6403 3 
6556 3 
6702 2 
6842 2 

6977 2 

7106 2 

7230 2 

7349 2 
7464 2 
7575 2 
7682 2 
7785 2 
7884 a 
7979 2 
8072 a 

8161 X 
8247 I 
8330 X 
8410 I 

8487 * 


7 10 14 X7 
610 1316 
6 9 X2X5 
6 9 1215 
6 8 IX14 

S 8 IXX3 
5 8 1013 

5 7 10 X 2 

S 7 9*2 
4 7 9*1 
46 9x1 
46 810 
46 810 
46 8x0 

4679 

4 5 7 9 
3 5 7 9 
3578 
3568 
3 5 6 8 

3467 
3467 
3467 
3 4 5 7 
3 4 5 6 
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LOGARITHM TABLES 


G29 


LOGARITHMS OF COSINES 

{Numbers in difference columns to be svdttracted, not addedJ] 


1 

9 } 

a 

m 

6 * 

0 *-! 

0®-2 

18' 

o ®-3 



86' 

o *-6 


48' 

o "-8 

64 ' 

o “*9 

Me 

IMfia 

188 

0 

ooooo 

0000 


0000 


0000 



0000 

1-9999 

000 

1 

1-9999 

9999 

9999 

9999 

9999 

9999 

9998 

9998 

9998 

9998 

000 

2 

1-9997 

9997 

9997 

9996 

9996 

9996 

9996 

9995 

9995 

9994 

000 

3 

1-9994 

9994 

9993 

9993 

9992 

9992 

9991 

9991 

9990 

9990 

000 

4 

I'9989 

9989 

9988 

9988 

9987 

9987 

9986 

9985 

9985 

9984 

000 

5 

1-9983 

9983 

9982 

9981 

9981 

9980 

9979 

9978 

9978 

9977 

000 

6 

1-9976 

9975 

9975 

9974 

9973 

9972 

9971 

9970 

9969 

9968 

000 

7 

1-9968 

9967 

9966 

9965 

9964 

9963 

9962 

9961 

9960 

9959 

0 0 I 

8 

1-9958 

9956 

9955 

9954 

9953 

9952 

9951 

9950 

9949 

9947 

0 0 1 

9 

1-9946 

9945 

9944 

9943 

9941 

9940 

9939 

9937 

9936 

9935 

0 0 1 

10 

i -9934 

9932 

9931 

9929 

9928 

9927 

9925 

9924 

9922 

9921 

0 0 I 


1-9919 

9918 

9916 

9915 

9913 

9912 

9910 

9909 

9907 

9906 

0 1 I 

12 1 

1-9904 

9902 

990X 

9899 

9897 

9896 

9894 

9892 

9891 

9889 

oil 

13 i 

T-9887 

9885 

9884 

9882 

9880 

9878 

^^9 

987s 

9873 

9871 

oil 

14 1 

T-9069 

9867 

9865 

9863 

0861 

9859 


9855 

9853 

9851 

oil 

16 i 

1-9849 

9847 

9845 

9843 

9841 

9839 


9835 

9S33 

9831 

oil 


1-982S 

9826 

9824 

9822 

9820 

9817 

9815 

9813 

9S11 

9808 

0 1 I 


T-9S06 

9804 

9801 

9799 

9/97 

9794 


9789 

9787 

9785 

0 1 I 


1-9782 

9780 

9777 

9775 

9772 

9770 

9767 

9764 

9762 

9759 

0 1 1 


1-9757 

9754 

9751 

9749 

9746 

9743 

9741 

9738 

9735 

9733 

oil 



9727 

9724 

9722 

9719 

9716 

9713 

9710 

9707 

9704 

0 I I 

21 

1-9702 

9699 

9696 

9693 

9690 

9687 

9684 

9CS1 

9678 

9675 

oil 

22 

1-9672 

9669 

9666 

9662 

9659 

9656 

9653 

9650 

9647 

9643 

1 I 2 

23 

1-9640 

9637 

9634 

9631 

9627 

9624 

9621 

9617 

9614 

9611 

1 I 2 

24 

1-9607 

9604 

9601 

9597 

9594 

9590 

9587 

9583 

9580 

9576 

112 

25 

1-9573 

9569 

9566 

9562 

9558 

9555 

9551 

9548 

9544 

-9540 

I I 2 

26 

1-9537 

9533 

9529 

9525 

9522 

9518 

9514 

9510 

9506 

9503 

112 

27 

1-9 ;o9 

9495 

9491 

9487 

9483 

9479 

9475 

9471 

9467 

9463 

I I 2 

28 

1-9459 

9455 

9451 

9447 

9443 

9439 

9435 

9431 

9427 

9422 

I I 2 

29 

T-9418 

9414 

9410 

9406 

9401 

9397 

9393 

9388 

9384 

9380 

I 1 2 

30 


9371 

9367 

9362 

9358 

9353 

9349 

9344 

9340 

9335 

I I 2 

31 

; 1-9331 

9326 

9322 

9317 

9312 

9308 

9303 

9298 

9294 

9289 

12 2 

32 

! 1-9284 

9279 

9275 

9270 

9265 

9260 

9255 

9251 

9246 

.9241 

12 2 

33 

■MkUl 

9231 

9226 

9221 

9216 

9211 

9206 

9201 

9196 

9191 

I 2 3 

34 

1-9186 

9181 

917s 

9170 

9165 

9160 

9155 

9149 

9144 

9139 

1 a 3 

36 

1-9134 

9128 

9123 

9118 

9112 

9107 

9101 

9096 

9091 

9085 

1 2 3 

36 

1-9080 

9074 

9069 

9063 

9057 

5052 

9046 

9041 

903s 

9029 

1 2 3 

37 

1-9023 

9018 

9012 

9006 

9 COO 

8995 

8989 

8983 

8977 

8971 

I 2 3 

im 

1-8965 

8959 

8953 

8947 

8941 

8935 

8929 

8923 

89 ir 

8911 

1 2 3 

39 

1-8905 

8899 

8893 

8837 

8880 

8874 

8868 

8862 

88SS 

8849 

I 2 3 

40 

1-8843 

8836 

8830 

8-823 

S817 

8S10 

8804 

8797 

8791 

8784 

I 2 3 

41 

T-8778 

8771 

8765 

8758 

87CI 

8745 

8738 

8731 

8724 

8718 

I 2 3 

42 

T-8711 

8704 

8697 

8690 

8683 

8676 

8669 

8662 

8655 

8648 

1 2 3 

> « 

1-8641 

8634 

8627 

8620 

8613 

8606 

8598 

8591 

8584 

8577 

BE] 

M 

I- 85«9 

856* 

8555 

8547 

8540 

8532 

8525 

8517 

8510 

850a 

tit] 


4 6 


o o 
o o 
o o 
o o 
o o 

O I 
I 
I 
I 
I 

I 
I 
1 


1 2 

2 2 
2 2 
2 2 
2 2 


2 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

4 
4 
4 
4 
4 

4 

5 
5 
5 
5 


M M 





























































630 


BQfLDINa OON8TBUCTION 


LOGARITHMS OF COSINES 

[Nuwhers in difference columns to be subtracted , not added !\ 


Degrees 

n 

I 

12' 

0°-2 

IS' 

o "*3 

24 ' 

o ''-4 

30 ' 

o »-5 

36 ' 

o“*6 

42 ' 

o '’*7 

48 ' 

o“-8 

54 ' 

Mean 

Difleicnccs 

o ®-9 

12 3 1 

4 5 

46 


S487 

84S0 

8172 

8464 

00 

S 449 

3441 

8433 

S426 

.1 ?> 4 j 

S 6 

48 

i-84i8 

8410 

8402 

S394 

8386 

8378 

8370 

S362 

8354 

8346 

1 14 .. 

5 7 

47 

i- 833 « 

8330 

8322 

8313 

S305 

8297 

8289 

8.1S0 

8272 

S264 

* 3 i 

0 7 

48 

1-8255 

8247 

S238 

8230 

8221 

8213 

8204 

:m 9 S 

81S7 

8178 

1 1 a: 

>5 7 

49 

i-8i69 

8161 

S152 

8143 

S134 

8125 

8i'-7 

Si 08 

8099 

S050 

1 3 4 | 

0 7 

tiJI 

T'SoSi 

8072 

S063 

8053 

8044 

8035 

8026 

'J017 

8007 1 

799S 

3 r 

6 8 

61 

1-7989 

79-79 

7070 

79O0 

7951 

7041 

7932 

7122 

79*3 1 

7903 

2 3 5 

b 8 

52 

1-7891 

7884 

7874 

7864 

7854 

7844 

783s 

7825 

7815 

7803 

2 3 5 

7 8 

63 

1-7795 

7785 

7774 

7764 

7754 

7744 

7734 

7723 

77*3 

7703 

2 3 5 

7 9 

64 

I-7691 

7682 

7b; I 

7661 

7650 

7040 

7629 

70:8 

7607 

759; 

2 4 6 

7 9 

66 

I- 7 S '^6 

7575 

7561 

7553 

7542 

7531 


750./ 

7493 

74S7 

2 4 - 

7 9 

58 

1-7476 

7464 

7-153 

7442 

7430 


7407 

73'95 

7384 

73:5 

2 4 0 

0 10 

67 


7349 


7326 

7314 

7302 

720 T 

7278 

7260 

7-51 

4 ' 1 

C 10 

68 

1-7242 

7230 

yzio 

7 JOS 


7181 

7168 

7156 

7*44 

7 * 4 * 

.-•40 

8 10 

69 

1*7118 (7106] 

7093 

7080 

7060 

7055 

V042 

7029 

701b 

7 W 3 

240. 

911 


1*69901 

0977 

6 963 

0050 

C937 

6923 

6910 

C.^'56 

6833 

58 jQ 

” 4 7! 

9 n 

1 Si 

1-6856 

6S42 

6.82^j 

ci'i4 

6S01 

07L7 

6773 

1^759 

6744 

073 ' > 

2 1 7' 

12 

1 62 

1-6716 16702 

Cj'yr 

0-573 

6659 

66.^4 

6029 

6:f5 

66o'j 

C- 

/ r « 

- *> / 

'0 12 



6556 

6f‘i 

6^26 

6510 

649s 


6 4:'-5 

6449 

0134 

3 5 8 

1D13 

64 

1-6418 

6403 

633? 

6371 


6340 


bVOS 

' 

6292 

0.7b 

- 3 8 

1113 

651 

T-6259 

6243 

6227 

6270 

6194 

6177 

6161 

61 

612-; 

CUD 

3 '■ - 

14 


1-6093 

6076 

6055 

6042 

6024 

600^ 

59 QO 

5-.72 

5954 

5937 

; 0 V, 

1215 

67 

1-5910 

5901 

5883 

5S65 

58-17 

5828 

58:0 

5:9- 

5773 

5 / 5 * 

3 0 () 

;2is 

68 

1-5736 

5717 

5698 

5679 

5660 

5541 

5 C 2 I 

t 

55 ''^ 

55 '”. 

3 I' ■t"' 

J ^ 1 w 

69 

1-5543 

5523 

5504 

5484 

54-53 

5443 

5473 


5332 

53 -- * 

3 7 

i,; 17 

70 

1 - 534 ^ 

5320 

5 200 

527S 

5256 

523s 

3213 

5192 

51''^ 

514'.; 

■: r 1* 

I ]. 18 

71 

1-5126 

510/. 

sV-;; 

5060 

5037 

5015 

499 *: 

.•969 

-19 '6 

•1 :3 

4 <s 11 

i ■; 19 


tjsmi 

4876 

4853 

.*320 

4S0S 

4781 

4727 


4700 

'f'. * 

4 - i:- 

> .) 40 

1 73 

1-4659 

4634 

4609,4584 

4559 

4333 


4487 

445*5 

443;' 

* •' 9 *.) 

17 21 

1 74 

1-4403 

4377 

4350 

43-'3 

4296 

4269 

4 ^. 

421.-* 

4186 

4 * 5 - 

5 914 

1823 

175 

I‘ 4 i 30 

4102 

4073 

4044 

4015 

3986 


^92-7 

3897 

336 '/ 

5 015 

ro 24 

tii 

1-3837 

3S06 

j 775 

5745 

137131 :.i^S2 

•2^. ' 
3 ' j- 


3589 

I 5,-’5 r 

5 16 

■: I 26 

77 

1-3521 

3488 

5435 

1 3421 

3387 

j 3 :.^ 

3319 

3284 

5250 

! 3‘*-J 

1 0:: 17 

2328 

78 

1*3179 

3143 

3107 

3070 

3034 

2997 

2959 

j 2921 

2S.83 

ifca? 

0 12 19 

2531 

78 

1*2806 

2767 

2727 

2687 

2647 

2C06 

2555 

2524 

2482 

2439 

7 * 120:47 34 

80 

1-2397 

2353 

2310 

2266 

2221 

2176 

.-.131 

2085 

2038 

1901 

815 23 130 38 

81 

1-1943 

1895 

1*^17 

1 1797 

1747 

i 6-:7 

1646 

1594 

1542 

J489 

81/25 

.3142 


maim 

1381 

1326 

I 12; I 

1214 

i *:7 

1099 

1040 

0981 

CW ')20 

iC 19 2) 

, 3 ^' 48 

illl 

1-0859 

0797 

07:4 

; o^--,c 

0605 

0539 

10472 

0403 

0334 

0264 

1 1 22 53 

i *14 55 

84 


0120 


2-9970 

2-9894 

2-9816 

2-9736 

2-9555 

i3-9S73'2-9489 

1326 39 

1:2 65 

86 

2*9403 

931s 

9226 

9135 

9042 

8946 

8849 

8749 

8647 

8543 

’.63248 

C48C 

86 

2*8436 

8326 

8213 

809S 

7979 

7857 

7731 

7602 

7468 

7330 



87 

2*7188 

7041 

6889 

6731 

6567 

6397 

6220 

6035 

5842 

5640 



SA 

2*5428 

5206 

4971 

4723 

4459 

4179 

3820 

3558 

3210 

2832 



86 

2*2419 

1961 

1450 

0870 

0200 

3*9408 

3-8439 

3*7190 

3*54293-2419 



90 

•>P0 


















































































looabithm tables 


Gil 


LOGARITHMS OF TANGENTS 


Degrees | 

m 

m 

I 2 r 

0**2 

IS' 

0**3 

m 

i 

I 

H 

m 

o»*8 

64 ' 

o ®*9 

Mean I 

DUferenen | 

1£8 

03 

0 

-oo 

3*2419 

3*5429 

3*7190 

3*8439 

3*9409 


2*0870 

2*1450 

2*1962 



1 

2*2419 

2«33 

3211 

3559 

3881 

ism 

4461 

4725 

4973 




e 

2 * 543 * 

5643 

5845 

6038 

6223 

6401 

6 S 7 * 

6736 

6894 

7046 



8 

5*7194 

7337 

7475 

7609 

7739 

7865 

7988 

8107 

8223 

8336 



4 

2*8446 

« 5 S 4 

8659 

8762 

8862 

8960 

9056 

9150 

924* 

933 * 

163248 

6481 

8 

3*9420 

9506 

9591 

9674 

9756 

9836 

99*5 

9992 

00 

1*0143 

13 26 40 

5366 

e 

1*0216 

0289 

0360 

0430 

0499 

0567 

0633 

0699 

0764 

082S 

1 * 22 34 

45 56 

7 

1*0891 

0954 

1015 

1076 

**35 

1*94 

1252 

*3*0 

*367 

*423 

10 20 29 

3949 

8 

1*1478 

1533 

1587 

1640 

1693 

*745 

*797 

1848 

1898 

1948 

9*726 

3543 

9 

1*1997 

2046 

2094 

2142 

2189 

2236 

2282 

2328 

2374 

2419 

816 23 

3*39 

10 

T -2463 

2507 

255 * 

2594 

2637 

2680 

2722 

2764 

2805 

2846 

7*42* 

283s 

11 

1*2887 

2927 

2907 

3006 

3046 

3085 

3*23 

3*62 

3200 

3237 

613 19 

2632 

18 

*•3275 

33>2 

3349 

3385 

3422 

3458 

3493 

3529 

3564 

3599 

612 18 

2430 

13 

*-- 3 <i 34 

3668 

3702 

3730 

3770 

3804 

3837 

3870 

3903 

3935 

611 17 

22 28 

14 

1*3968 

4000 

4032 

4064 

4095 

4*27 

4158 

4*89 

4220 

4250 

5 * 0*6 

21 26 

16 

1*4281 

4311 

•m* 

437 * 

4400 

4430 

4459 

4488 

4517 

4546 

5 * 0*5 

2025 

16 

*•4575 

4603 

4632 

4660 

4688 

47*6 

4744 

477* 

4799 

4826 

5 9*4 

1923 

17 

*■4853 

4880 

4907 

A 934 

4961 

4987 

5014 

‘:o4o 

5066 

5092 

4 9*3 

1822 

18 

T*51i8 

5»43 

5*69 

5*95 

5220 

5245 

5270 

5395 

5320 

5345 

4 8 13 

1721 

19 

1*5370 

5394 

5419 

5443 

5467 

5491 

55*6 

5539 

5563 

5587 

4 8 12 

1620 

20 

1*5611 

5634 

5658 

5681 

5704 

5727 

5750 

5773 

5796 

5819 

4 8 12 

* 5*9 

21 

1*5842 

5804 

5887 

5909 

5932 

5954 

5976 

5998 

6020 

6042 


* 5*9 

22 

I 0064 

60S6 

6roS 

6129 

6151 

6172 

6194 

6215 

6236 

62'JV 

4 7 ** 

1418 

23 

1*6279 

6300 

6321 

634* 

6362 

6383 

6404 

6424 

6445 

6465 

3 7*0 

* 4*7 

24 

1*6480 

6506 

6527 

6547 

6567 

6587 

6607 

6627 

6647 

6667 

3 7 10 

* 3*7 

25 

1*6687 

6706 

6726 

6746 

6765 

6785 

6804 

6824 

6843 

68:3 

3 7*0 

13*6 

26 

1*6882 

6901 

6920 

6939 

6958 

6977 

6996 

7015 

7034 

7053 

369 

1316 

87 

1*7072 

7090 

7109 

7128 

7*46 

7*65 

7*83 

7202 

7220 

7238 

369 

12:5 

28 

1*7257 

7275 

7293 

73*1 

7330 

7348 

7366 

7384 

7402 

7420 

3 9 

*215 

29 

1*7438 

7455 

7473 

749 * 

7509 

7526 

7544 

7562 

7579 

7597 

369 

12 15 

30 

1*7614 

7‘>52 

7649 

7667 

7684 

7701 

77*9 

7736 

7753 

777 * 


12 14 

31 

1*7788 

7 iio 5 

7822 

7839 

7856 

7S73 

7890 

7907 

7924 

794 * 


1114 

32 

1*7958 

7975 

7992 

8008 

8025 

8042 

8059 

807s 

8092 

8109 



33 

1*8125 

8142 

8158 

8*75 

8191 

8208 

8224 

S241 

8257 

8274 


inm 

84 

1*8290 

8306 

8323 

«339 

8355 

837* 

8388 

8404 

8420 

8436 

3 " 8 

1114 

36 

1*8452 

8468 

8484 

8501 

85*7 

.8533 

8549 

8565 

8581 

8597 

358 

fi *3 

36 

1*8613 

8629 

8644 

S660 

8676 

S692 

l^o8 

8724 

8740 

875s 

358 

11 *3 

§7 

1*8771 

8787 

8803 

8S18 

8834, 

8850 

8865 

8881 

8897 

8912 

3 5 8 

1013. 

88 

1*8928 

8944 

8959 

8975 

8990 

9006 

9022 

9037 

9053 

906S 

3 5 8 

i :*31 

89 

1*9084 

9099 

9**5 

9130 

9*46 

9161 

9176 

9*92 

9207 

9223 

358 

*0*3; 

40 

1*9238 

9254 

9269 

9284 

9300 

93*5 

9330 

9346 

936* 

9376 

3 5 •'J 

1013 

41 

1*9392 

9407 

9422 

9438 

9453 

9468 

9483 

9499 

95*4 

9529 

3 5 

1013 

48 

I -9544 

9560 

9575 

9590 

9605 

9621 

9636 

965* 

9^ 

9681 

358 

1013 

48 

1*9697 

9712 

9727 

9742 

9757 

9774 

9788 

9803 

9818 

9833 

3 5 8 

1011 

44 

1*9848 

9864 

9879 

9894 

9909 

9924 

9939 

9955 

9970 

9985 

3 5 8 

m 13 

































632 


BUILDING CONSTRUCTION 


LOGARITHMS OF TANGENTS 



























































LOOABITHBl TABLE4 


633 


SQUARE ROOTS. From i to xo 



0 

0 

1 

8 

8 

4 

6 

6 

7 

3 

9 

Kean DlfiennoeB | 


X 23 

466 

789 


To 

1*000 

1*005 

1*010 

1*015 

1*020 

1*025 

1*030 

1*034 

1-039 

1-044 

011 

223 

344 


11 

1*049 

1*054 

1*058 

1*063 

1*068 

1*072 

1*077 

:'*082 

I*c86 

1-091 

011 

223 

344 


1*2 

1-095 

1*100 

M05 

1*109 

1*114 

rii8 

1*122 

1*127 

1-131 

1-136 

01 1 

223 

344 


1-8 

M40 

1*145 

1*149 

*-*53 

1*158 

1*162 

i*i66 

1*170 

M7S 

*•179 

011 

223 

334 


1*4 

1-183 

1*187 

1*192 

1*196 

1*200 

1*204 

1*208 

1*212 

1*217 

1-221 

011 

22 2 

334 


1-5 

1*225 

1*229 

*•233 

1*237 

1*241 

*•245 

**249 

*•253 

1*257 

1-261 

011 

22 2 

334 


1*8 

1*265 

1*269 

*•273 

1*277 

1*281 

1*285 

1*288 

1*292 

1-296 

1-300 

011 

22 2 

333 


1-7 

1*304 

1*308 

1*31* 

*•3*5 

1*319 

*•323 

*•327 

*•330 

*•334 

*•338 

011 

22 2 

333 


1-8 

1*342 

1-345 

*-349 

*-353 

*•356 

1*360 

1-364 

*•367 

1-37* 

1-375 

011 

I 2 2 

333 


1-9 

1*378 

1*382 

1*386 

*•389 

1*393 

1*396 

1*400 

**404 

1-407 

1-411 

011 

1 2 2 

333 


20 

1*414 

1*418 

1*42* 

1*425 

1*428 

1*432 

*•435 

*-439 

*-442 

*-446 

011 

I 2 2 

233 


21 

1*449 

*•453 

1*456 

*-459 

*•463 

1*466 

*•470 

1*473 

1-476 

1-480 

011 

I 2 2 

233 


22 

1*483 

1*487 

1*490 

*•493 

*•497 

r*Soo 

*•503 

*•507 

1*5*0 

*•5*3 

011 

I 2 2 

233 


23 

i-5»7 

1*520 

*•523 

1*526 

1*530 

*•533 

*•536 

*■539 

*•543 

*•546 

011 

I 2 2 

233 


2-4 

1-549 

1-552 

*•556 

*•559 

1*562 

*•565 

1*568 

1*572 

*•575 

1- 78 

011 

I 2 2 

233 


2-5 

1*581 

1-584 

*•587 

1*59* 

*•594 

1*597 

1*600 

1*603 

1*606 

1*609 

011 

I 2 2 

233 


2-6 

1-6I2 

I *616 

1*619 

1*022 

1-625 

1*628 

1*631 

*•634 

*•637 

1*640 

011 

I 2 2 

223 


27 

1-643 

1*646 

1*649 

1*652 

1*655 

1*658 

I-661 

1-664 

1-667 

1*670 

oil 

I 2 2 

223 


2-8 

1*673 

1-676 

1-679 

1-682 

1*685 

1*688 

1-691 

1-694 

1-697 

1-700 

01 1 

1 I 2 

223 

'l 

2-9 

1*703 

1-706 

1-709 

1*712 

*•7*5 

1*718 

1-720 

*723 

1-726 

1*729 

oil 

I 1 2 

223 


3-0 

1*732 

*-735 

*-738 

*•74* 

*•744 

1*746 

1*749 

*752 

*755 

1-758 

011 

I I 2 

223 


31 

1*761 

1-764 

1*766 

1-769 

1*772 

*•775 

*778 

1-780 

*•783 

1786 

0 1 I 

I 1 2 

223 


3-2 

1*789 

1-792 

1*794 

1-797 

I *800 

1*803 

l*So6 

i-8o8 

t*8ii 

1-814 

01 I 

I I 2 

222 


33 

1*817 

1-819 

1-822 

1-825 

1*828 

1-830 

**833 

1-836 

1*838 

1*841 

01 I 

I I 2 

22 2 


3-4 

1*844 

1-847 

1-849 

1*852 

*-8SS 

1-857 

1*860 

*•863 

1*865 

1-868 

01 1 

1 I 2 

22 2 


3-6 

1*871 

1*873 

1*876 

1*879 

I *881 

1*884 

1*887 

1-889 

1*892 

1-895 

01 I 

I I 2 

22 2 


8-6 

1*897 

1*900 

1-903 

1-905 

1*908 

1*910 

**913 

1-916 

1*918 

1-921 

01 I 

1 I 2 

22 2 


3-7 

1*924 

1*926 

1-929 

1-931 

*•934 

1*936 

*•939 

1*942 

1*944 

1-947 

01 1 

1 X 2 

22 2 


3-8 

1*949 

*-952 

*-954 

*•957 

1*960 

1-962 

1-965 

1*967 

*•970 

1-972 

01 1 

I 1 2 

2 2 2 


39 

1-97^ 

1-977 

1*980 

1-^2 

*•985 

1-987 

1-990 

1*992 

*•995 

1*997 

01 I 

I 1 2 

22 2 


4-0 

2*000 

2*002 

2*005 

2*007 

2*010 

2*012 

2*015 

2*017 

2*020 

2*022 

001 

I I 1 

22 2 


4-1 

2*025 

2*027 

2*030 

2-032 

2*035 

2*037 

2-040 

2-042 

*•045 

2-047 

00 I 

I I 1 

22 2 


4-2 

2*049 

2*052 

2*054 

2-057 

toS9 

2-062 

2*0^ 

2-0^ 

2*069 

2-071 

00 I 

I I I 

22 2 


43 

2*074 

2*076 

2-078 

2-081 

2*083 

2 *086 

2-088 

2-090 

2*093 

2-095 

001 

I I 1 

22 2 



2-098 

2*100 

2*102 

2-105 

2*107 

2-110 

2*112 

2*114 

2-117 

2-119 

001 

I 1 I 

23 2 


4-6 

2-121 

2*124 

2*126 

2*128 

2*131 

2*133 

2*135 

2-138 

2-140' 

2-142 

001 

I I Z 

222 


4-6 

2*145 

2*147 

2*149 

2-152 

2*154 

2*156 

2*159 

2-i6i 

2-163 

2-166 

00 1 

1 I 1 

22 2 


4-7 

2’16S 

2*170 

2*73 

2-175 

2*177 

2*179 

2-182 

2-184 

2-i86 

2-189 

00 1 

I I 1 

22 2 


4-8 

2*191 

2-193 

2*195 

2-198 

2*200 

2*202 

2-205 

2-207 

2-209 

2*21 T 

00 I 

I I 1 

222 


4-3 

2*214 

2*216 

2‘2i8 

2*220 

2-223 

2*225 

2*227 

2-229 

2-232 

2*231 

00 1 

: 11 

222 


6-0 

2*236 

2*238 

2*241 

2*243 

*•*45 

2*247 

2*249 

2*252 

2-254 

*•256 

001 

Ill 

222 


6-1 

2-248 

2*261 

2*263 

2*265 

2*267 

2*269 

2*272 

2-274 

2*276 

2-278 

00 1 

I 1X 

22 2 


6-2 

2-280 

2*283 

2*285 

2-287 

2*289 

2*291 

2*293 

2*296 

2*298 

2-3CO 


BO 

22 2 



2-302 

2*304 

2-307 

2-309 

2*311 

2*313 

2*3*5 

2-317 

2*3*9 

2-322 


iiti 

22 2 


[5-4 

2*324 

2-326 

2*328 

2-330 

2*332 

2-335 

2*337 

2-339 

2-341 

2*343 



I 2 2 


















BHILDINO CONSTRUCTION 


SQUARE ROOTS. Frobi i to io. 



8 4 6 




2-345 2-347 
2 366 2-369 
2-387 2-390 
2-408 2-410 
2-429 2-431 

2-449 2-452 
2-470 2-472 
2-4900 2-492 
2-510 2-512 
2-530' 2-532 


2-347 2-349 2-352 2-354 
2-369 2-371 2-373 2-375 
2-390 2-392 2-394 2-396 
2-410 2-412 2-415 2-417 
2-431 2-433 2-435 2-437 

2-452 2-454 2-456 2-4581 
2-472 2 474 2-476 2-478 i 
2-492 2-494 2-496 2-498 
2-512 2-514 2-516 2-518 
2-532 2-534 2-536 2-538 

2551 2 553 2-ssS 2-557 
2-571 2-573 2-575 2-577 
259012-592 2-594 2-596 
2-613 2-615 
2-632 2-634 


123466789 


2-63112-653 
2-67012-67 2 12674! 
2-6S9 2-691 
2-7&7 2iX9 
2-726 2-7:’!; 

2-744 2-746 
2 -760127' 


2-358 2-360 2-362 2-364 O 0 I I I 

2-379 2-381 2-383 2-385 O O I I I 

2-400 2 402 2-404 2-406 0 O 1 I I 

2-421 2-423 2-425 2-427 0 0 1 

2-441 2-443 2-445 2-447 o 0 I 

2-462 2-464 2-466 2-468 0 0 111 1 
2-482 2-484 2 486 2-488 0 O ,1 

2-502 2-504 2 506 2-508 0 O I 

2-522 2-524 2-526 2-528 

2-542 2-544 2-546 2-548 

2-561 2-563 2-565 2-567 00 I I I 

2581 |.7 533 2-585 2-587 00 I 1 I 

2-500 12 602 2'6c4 2-6o 6 00111 
2-623 2 625 0 o I 1 i 
2-642 2-644 00111 

2-66i 2-663' 

2680 2-681 
2-698 2 700 
2-717 2-718 
2765 2-737 


^ /:o 


112 2 
112 2 
112 2 
2 2 


112 2 


2 2 


2 2 
2 2 
1 ; 1 2 2 
1112 2 
112 2 


: 1 2 

: I 2 
I 1 2 


B 0 '! 7. oco 


035 i 2-938 


3-005 i 3 007 


OOw ) ^ Cv 


I 1 I ' I 1 2 
Gill I 1 ! I 12 
O 1 I 2 1 i 1 J 2 


2-914go 0 


I 2 1 ! 1 1 2 
I 2 r I 2 2 


2-93: |o 0 1 I 7 I; I 1 2 
2-943'o 01 111112 
296530 o J I I I' i 1 2 


2-982 o 

2- 998 o 

3015 o 

3- 032 000 
3 048 000 
3-064 00c 
3-081 


: z i 

l I 2 


I I 1 
I I I 


































































LOGARITHM TABLES 


f>35 


SQUARE ROOTS. From io to ioo 



P 

P 

P 

8 

" 

P 

5 

6 

P 

a 

P 

Mean Difie'enoet | 

I23I456 

» 

7 8 9 

10 

3'i62 

3-178 

3*194 

3*209 

3-225 

3*240 

3*256 

3-271 

3*286 

3*302 

235 

680 

111214 

11 

3-317 

3-332 

3*347 

3*362 

3-376 

3-391 


3*421 

3*435 

3-450 

134 

1679! 1012 13 

12 

3-464 

3-479 

3-493 

3-507 

3-521 

3-536 

1 3*550 

3-564 


3592 

134 

678 

10 M 13 

13 

3'6o6 

3-619 

3-633 

3-647 

3-661 

3-674 


3-701 

K&JU 


134 

578 

10 J \ 12 

14 

3-742 

3-755 

3-768 

3-782 

3-795 

3-808 


3-834 


3-860 

134 

578 

911 12 

16 

'3-873 

3-886 

3-899 

3-912 

3-924 

3*937 


3*962 

3*975 

3-987 

134 

568 

910 11 

IG 

4-cx>o 

4-012 

4-025 

4-037 

4-050 

4062 

4-074 

4*087 

4-099 

4-ill 

124 

567 

9 10 11 

17 

4-123 

4-135 

4-147 

4-1 59 

4-171 

4*183 

4-195 

4-207 

4-219 

4-231 

1 2 4 

567 

810 11 

IS 

4-245 

4-254 

4-266 

4-278 

4*290 

4-301 

4*313 

4*324 

4*336 

4*347 

123 

567 

8 9 10 

19 

4-359 

4-370 

4-382 

4-393 

4-405 

4-416 

4-427 

4*438 

4-450 

4-461 

123 

567 

8 9 10 

20 

4-472 

4-483 

4-494 

4-506 

4-517 

4-528 

4*539 

4-550 

4-561 

4-572 

123 

467 

8 9 10 

£1 

4-583 

4-593 

4-604 

4-615 

4-626 

4-637 

4-648 

4-658 

4-669! 4'6So 

1231456 

8 9 10 

22 

4-690 

4-701 

4 - 7 ’-^ 

4-722 

4-733 

4-743 

4-754 

4-764 

4-775 

4*785 

1231456 

789 

23 

4-796 

4-806 

4-817 

4-8:7 

4-837 

4*848 

4-858 

4-868 

4-879 

4-889 

123 

! 4 S 6 

789 

£4 

4-899 

4-909 

4-919 

4-930 

4-940 

4-950 

4-900 

4*970 

4*980 

4-990 

123 

1456 

789 

26 


5-010 

5-0:0 

5-030 

5-040 

5*050 

5-060 

5-070 

5-079 

5-089 

1231456 

789 

26 



^”9 

5-128 

5-138 

5 * 1 48 

1'. f y 

5-16715-: 77 

5 *i «7 

1231456 

789 

27 

5-196 

5-206 

5215 

5-225 

5-235 

5 * 24 ^ 

S-*i ’4 

5-263 

5-:73 

5-:S:‘ 

23 

;456 

7 S 9 

28 

5-292 

5 301 

5310 

5-320 

5-329 

5-339 

5-3-18 

5*357 

5*367 

5-376 

123-156 

7 7 8 

£9 

5-385 

5-394 

5404 

5-413 

5-422 

5-431 

S-441 

5-450 

5-459 

5-463 

123 

:455 

678 

30 

5-477 

5-486 

5'495 

S-505 

■■:* 5 i 4 

5-523 

5*552 

5-541 

5-550 

5*559 

123 

44 5 

678 

31 

5-568 

5-577 

5 586 

5-595 

5-604 

5-012 

5-621 

5-630 

5*6 j 9 

5-648 

iS 2 3:345 

078 

82 

5-657 

5-660 

5-675 

5-683 

5-692 

5-701 

5-7IC 

5-713 

5-727 

5-736 

123 

134 5 

678 

33 

5-745 

5-753 

5-.■'6: 

5 - 77 J 

5-779 

5 - 7 SS 

5707 

5-805 

5-814 

5S22 

123 

' '4 r, 

6 7 8 

84 

5-83 J 

5-840 

S -.'-48 

5-857 

5865 

5 - 87.1 

5 

5-891 

5-899 

5 - 5 o.Sji 2 3 

3-15 

678 

36 

5-916 

5-925 

5-933 

5-941 

5-950 

5 -958 

5-967 

5-973 


5-992 

1 2 2 

34 5 

678 

36 

6-000 

6-008 

6-017 

6025 

6-033 

6-042 

6-050 

0-058 

6-o66 

6-075 

I 2 2 

345 

677 

37 

6-083 

6-091 

6*099 

6-107 

6-116 

6-124 

6-132 

6-1^ 

6-148 6-156 

! 2 2 

34 5 

6 7 7 

88 

6-164 

6-173 

6-181 

6-189 

6-197:6-205 

6-213 

6-221 

6-229 

6-237 

1 22 

34 5 

667 

39 

6-245 

6-253 

6-261 

6-269 

6 - 27716-285 

6-293 

6*301 

6-309 

6-317 

1 2 2 

345 

667 


6-325 

6-;}2 

6-340 

6-343 

6-356 

6*364 

6-372 

6-380 

6-387 

6-395 

1221345 

667 

41 

6-403 

6-411 

6-419 

6-427 

6-434 

6*442 

6-450 

6458 

6-465 

6*473 

1 2 2 

34 5 

5 6 7 

42 

6-481 

6-488 

6*496 

6-504 

6-512 

6*519 

0-527 

6*535 

6 - 5-12 

6-550 

I 2 2 

345 

5 6 7 

43 

6-557 

6-565 

6-573 

6-580 

6-588 

6*595 

6*603 

6-6ii 

6-618 

6-626 

I 2 2 

34 5 

567 

44 

6-633 

6-641 

6-648 

6-656 

6-063 

6*671 

6-678 

6-6S6 

6-693 

6-701 

122 

34 5 

567 

46 

6-708 

6-716 

6-723 

6-731 

6-738 

6*745 

6*753 

6-760 

6*768 

6*775 

I 1 2 

344 

567 

46 

6-782 

6-790 

6-797 

6-804 

6-8i2 

6-819 

6-826 

6*834 

6-841 

6-848 

I I 2 

344 

567 

47 

6-856 

6-863 

6-870 

6-877 

6-885 

6-S92 

6-899 

6*907 

6-914 

6-921 

1 I 2 

344 

567 

48 

6-928 

6-935 

6-943 

6-950 

6-957 

6-964 

6-971 

6-979 

6-986 

6*993 

1 1 2 

344 

566 

49 



7-014 

7-021 

7-029 

7*036 

7*043 

7*050 

7*057 

7-064 

II 2 

344 

566 

80 

7-071 

7-078 

7-085 

7-092 

7*099 

7*106 

7*113 

7*120' 

7-127 

7*134 

7 I 2 

344 

5 6 6 

61 


7-148 

7*155 

7-162 

7*169 

7-176 

7-183 

7*190 

7*197 


II2 

344 

5 6 6 

62 




7-232 

7*239 

7-246 7-2531 



I I 2 

334' 

566, 

68 


7-287 


7*307 

7308 

7*314 

7-321 

7-328 

7*335 

7*342 

I I 2 

Elcii 

5 S 6 

64 

7-348 1 

7*355 

7*362 7-369 

7*376 

7*38? 

7*389 

7*396 

7*403 

7-409 

I 1 2 

m 

5 5 6 









































































































*630 


BUILDING CONSTRUCTION 


SQUARE ROOTS* From io to loo 


BDBBBD 



UmDUteraxM 


7 « 4?3 7-430 
7-490 7-497 

7*556 7*563 
7-622 7-629 
7-688 7-694 7-701 

7.752 7-759 7.765 

7-817 7-823 7-S29 

7- 8S0 7-887 7*893 

7*944 7*950 7*956 

8- oo6 8-012 S-019 

8-o6S 8-075:8-081 
8-130 8-I361S-I42 
8-101 8-19818-204 
8-252!8-258 8-264 
8-31318-319 8-325 

8*373 i 8*375 8-385 
8-432 8 - 43-8 8-444 
8-491 8-497 8-503 
8-550 S-550 8-562 
.S-6o8 8-614 S-620 

8-666 8-672 8-678 
8-724 S-729 8-735 
8-781 8-786 8-792 
8-837 8-843 8-849 
8-894 8-899 8-905 

8- 950 8-955 8-961 
9 006 9-011 9-017 

9- 061 9-066 9-07: 
0-ii6 9-121 9127 

9-171 9-175 9-182 

9-225 9-230 9-236 
9-279 9-2S4 9-290 
9*333 9*338 9-343 
9-386 9*391 9*397 
9*439 9*445 9**\‘io 
9*492 9-497 9*503 
9*545 9 * 550 ;q -';55 
9-597 9-60219-007 
9-649 9*654; 9*659 
9-701 9-706 9-711 

9*752 9*757 9*762 
9-803 9-808 9-813 

9 S54 9*859 9*864 
9-905 9*910'9*915 
9*955 9*960 9*965 


7*443 7*450 7*457 
7-510 7-517 7-523 
7*576 7*583 7*5-89 

7-642 7*649 7*655 

7.707 7.714 7.720 

7-772 7-778 7-785 
7-836 7-8+2 7-849 
7-899 7-906 7-912 

7- 962 7-969 7-975 

8- 025 8-031 8-037 

8-087 !8'Cc>3 8 


8-45616-462 


•911 8-916 


2 3 J 4 556 
2 334 556 
2 334 556 
2 334 556 
2 334 456 

2 334 456 
2 334 456 
2 334 456 
2 334 456 
2 234 456 

2 234 456 
2 234 455 
2 234 455 
2 234 455 
2 234 455 

2 234 4SS 
2 234 45S 
2 233 455 
2 233 455 
2 233 455 
2 233 455 
2 233 45 5 
2 233 445 
2 233 445 
2 233 445 
2 233 445 
.2 233 445 
2 233 445 
2 233 445 
2 233 445 

2 2331445 
2 

2 2331445 

2 2331445 
2 


9-581 9-586111 2 
9-633 9-638111 2 
9-685 9-690!11 212331445 
9*737 9*742 11 2 

9-788 9-793 1 1 2 
9-839 9*844 11 2 


7.470 7.477 

7*537 7*543 
7-603 7-609 
7-668 7-675 
7*733 7*740 

7*797 7*804 
7-861 7-868 
7-Q21; 7-931 

7*994 

8-056 

8-1x8 
8-179 
8-240 
8*301 
8-361 

8-408 i 8-41418-420 
8-479 
8-538 
8*597 

8-64318*64918*654 
8*712 
8-769 
8-826 
8-883 
8*939 

8- 994 

9 * 03919 * 04419*050 

9*105 

9- 160 
9-214 


9*839 

9-SS9 

9-940 

9-990 
















































































LOOAPITHM TABLES 


637 


POWERS. ROOTS. AND RECIPROCALS. 


fl 

«» 

n» 

*Jn 

iTn 

10» 

4 /iom 


1 

n 

1 

1 

I 


1 

3*1623 

2*1544 

4-6416 

I 

2 

4 

8 


1-2599 

4*4721 

2-7144 

5*8480 

•50000 

8 

9 

27 


1-4422 

5 4772 

3-1072 

6-6943 

•^3333 

4 

i6 

64 

2‘000 

1-5874 

6-3246 

3-4200 

7*3681 

•25000 

6 

25 

125 

2-2361 

1-7100 

7-0711 

3-6840 

7*9370 

*20000 

6 

36 

216 

2-4495 

1-8171 

7-7460 

3*9149 

8*4343 

•16667 


49 

343 

2-6458 

I- 9 U 9 

8-3666 

4-1213 

8-8790 

•I42S6 


64 

512 

2-8284 

2-000 

8-9443 

4-3089 

9-2832 

•125. .> 

9 

81 

729 

3-000 

2-oSoi 

9 4S08 

4-4814 

9*6549 

•nil I 

10 

100 

1000 

3 -1623 

2*1544 

I0-0iX> 

4-6416 

10-0000 

•lOOCO 

11 

121 

» 33 J 

3-3166 

2-2240 

10-4881 

4*7914 

10-3228 

•000909 

12 

144 

1728 

3‘4641 

2-2894 

10-9545 

4*9324 

lO-hziit) 

•08-5331 

18 

169 


3-6056 

2*3513 

11-4018 

5-0658 

10-9139 

•076923 

14 

196 


3 - 7-117 

2-4101 

11-8322 

5*1925 

11-1809 

•07142} 

16 

225 

3375 

3-8730 

2-4662 


5*3133 

11-4471 

•CM^6tr.i7 

16 

256 

4096 

4-000 

2-5198 


5-4288 

11-6961 

•061300 

17 

289 

4913 

4-1231 

2*5713 


5*5397 

11-9348 

•0!;8^24 

18 

324 

5832 

4 2426 

2-6207 

13*4164 

5-6462 

12-1044 

•055550 

IB 

361 

6859 

4*3589 

2-6()81 

13*7840 

5*7489 

12-3856 

•052632 

20 

400 

8000 

44721 

2-7144 

14-1421 

5*8480 

12-5992 

•05CKXt 

21 

441 

9261 

4-5S26 

2-7589 

14*4614 

5*9439 

12-8058 

•047619 

22 

484 

1064S 

4-6904 

2-S020 

14-8324 

6-0368 

130<^)39 

*045455 

28 

529 

12167 

4*7958 

2-8439 

151058 

6-1269 

13-2001 

•043478 

24 

576 

13824 

4-8990 

2-8845 

15*4919 

6-2145 

13*3887 

•041667 

26 

625 

15625 

5-000 

2 - 9#40 

15*8114 

6-2996 

13-5721 

•04000 

26 

676 

17576 

5-0990 

2-9625 

16-1245 

6-3825 

13*7507 

• 03 S 4<)2 

27 

729 

19683 

5-1962 

3.0000 

16-4317 

6-4633 

13-9248 

•037037 

28 

784 


5*2915 

30366 

16-7332 

6-5421 

14-0946 

•035714 

29 

841 


5 * 3'''52 

30723 

1:0294 

6-6igi 

14-2004 

■034483 

80 

900 

27000 

5*4772 

3*1072 

17*3205 

6-6943 

14-4225 

*033333 

31 

961 

29791 

5 597S 

3*1414 

17-6068 

67679 

14*5810 

•032258 

82 

1024 

32768 

5 9569 

3*1748 

•17 8885 

6-8399 

14*7361 

•031250 

88 

1089 

35937 

5*7446 

3-2075 

18-1659 

6-9104 

14-8881 

.050303 

84 

1156 

39304 

5*8310 

3-2396 

18-4391 

6-9795 

15-0369 

•020412 

86 

1225 

42875 

5-9161 

3*2711 

18 7083 

7*0473 

15-1820 

•028571 

36 

1 96 

46656 

6 000 

3*3019 

18*9737 

7*1138 

15*3262 

•027778 

87 

1369 

50653 

6 0828 

3*3322 

19*2354 

7-1791 

15-4668 

•027027 

88 

1444 

54872 

6-1644 

3*3620 

19-4936 

7-2432 

15*6049 

•026316 

SB 

1521 

59319 

6-2450 

3*3912 

19*7484 

7*3061 

15-7406 

•025641 

40 

1600 

64000 

63246 

3-4200 

20000 

7*3681 

15-8740 

•02500 

41 

1681 

68921 

6-4031 

3*4482 

20-24S5 

7*4290 

16-0052 

•024390 


1764 

74088 

6-4807 

3-4760 

20-4939 

7-4889 

16*1343 

•023810 

43 

1849 

79507 

65574 

3*5034 

20-7364 

7*5478 

16-2613 

•023256 

44 

1936 

85184 

6-6332 

3*5303 

20-9762 

7*6059 

16-3864 

•022727 

45 

2025 

91125 

6-7082 

3*5569 

21-2132 

7*6631 

16-5096 

•022222 

46 

2116 

97336 

6-7823 

3*5830 

21-4476 

7*7194 

16-6310 

•021739 

47 

2209 

103823 

6*8557 

3-6088 

21-6795 


16-7507 

•021277 


2304 

I10592 

6-9282 

3*6342 

21-9089 

7*8297 

16-8687 

•O20S33 

1 49 

2401 

117649 

7-000 

3*6593 

22-1359 

7*8837 

16-9850 

•020408 , 

Kl 

2500 

125000 

7-0711 

3-6840 

22-3607 

7.9370 

17*0998 

•02000 






























BUILDING OONSTEUOTION 


POWERS, ROOTS, AND RECIPROCALS. 








y; 1 ^lon 


>32651 

1406^ 

I4S877 

>57464 

>66375 

175616 

>85193 

19511 2 
205379 
21 <1000 

226981 

238328 

23'»47 

202144 

274625 

287496 

300793 

3>4432 

328509 

343000 

3 S 79 II 

373248 

389017 

405224 

42187s 

438976 

456533 

474552 

493039 

512000 

53 > 44 > 
55>368 
57 >787 

592704 

614125 

636056 

658503 

681472 


804357 

830584 

857375 

884736 

912673 

941192 

970299 

1000000 


71414 


7-4833 I 3'^259 



8-j660 

8'426i 

8-4853 

8-5440 

8-6023 

8-6603 

8-7178 

8-7750 

8-8iiS 

8-88S2 

8 - 9443 

9- 0000 

9-0554 

9-1104 

9-1652 

9-2I9S 

9-2736 

9-3274 

9-3808 

9-4340 

9-4808 

9*5394 

9-5917 

9-6437 

9-6954 

97468 

9-7980 

9-8489 

9- 8995 

9-9499 

10 - 000 


3-7503 i 

1 230217 

3779S ! 

1 23-2379 



4-C.:07 


24 28119 
24 -.- 94 ') 

24-6982 

24- 899S 

25 099$ 

25- 2982 
25 -ws* 

2;-6qo5 
25 S844 

26- 0768 
26-2679 
20-4575 

26-6458 

26- 8328 

27- 0185 
27-2029 
27-3861 

27-5681 
27 7d89 

27- 9285 

28- 10O9 
28-2843 

28-4605 

28-6356 

2S-S097 

28- 9828 

29- 1548 

29-3258 

29-4958 

29-6648 

29- 8329 

30- 000 

30-1662 

30-33 >S 

30-4959 

30-6594 

30-8221 

30-9839 

3>->448 
3 >-3050 


8-2913 

8-3396 

8-3872 

8-4343 

8-4809 

8-5270 

8-5726 

S6177 

8-0624 

8-7066 

8-7503 

8-7937 

S-S366 

8-8790 

8-9211 

8- 9628 

9- 0041 
9-0450 
9-0856 

9-1258 

9 i<'S 7 

9-2052 

9-24*43 

9-2832 

9-3217 

9-3599 

9-3978 

9-4354 

9-4727 

9-5097 

9-5464 

9-5828 

9-6190 

9-6549 

9-6905 

9-7259 

9-7610 


9-8648 

9-8990 

9-9329 

9- 9666 

10- 000 


7-2130 

7-3248 

7 435 > 
7-5441 
7-6517 

7-7581 

7-8632 

7- 9670 

8 0697 

8- 1712 

8-2716 
8 - 370 <j 
8-4691 
8-5664 
86626 

8-7578 

8-8520 

8-9454 

19-0378 

19-1293 

19-2200 
19-3098 
19-3988 
19 4870 
19-5743 


■019608 
•019231 
-018868 
-018519 
*018182 

-017857 

■017541 

■017241 
•o 
•0 




20-0830 

20-1653 

20-2469 

20-3279 

20-4083 

20-4880 

20-5671 

20-6456 

20-7235 

20-8008 

20- 8776 

ao- 9 S 38 

21- 0294 

21-1045 

21*1791 

21*3532 

21*3267 

2>*3997 

21-4723 

21-5443 


•015385 

■015132 

•014925 

■OU'CVi 

•014492 

•014286 

•014085 
•01 3880 

3699 

3S'4 
3333 

■01315-8 

■('I 2667 

-012821 

•012658 

•012500 

•012346 

• 0 I 2 I 9 S 

•012048 

•011905 

•011765 

•011628 
•011494 
•011304 
•011236 
•011111 

'OIO989 

•010870 

•OI 07 S 3 

•010638 

•010536 

•010417 

•010309 

•010Z04 

‘OlOIOI 

•0100 








































LOGARITHM TABLES 


SQUARES. From z to to. 
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BUILDINO OONSTHUcnON 


SQUARES. PxsH I TO xe. 


1 

B 

1 

2 

3 

fl 

6 

B 

B 

8 

9 

M»*tn r>ift<>rfwiB 

i 2 i 

4 

5 

8 

9 

t 

«• 

5 5 

vt 

)o 360 

30-470 

30 581 

1 

30*692 

30 805 

30914 

51-035 

31136 

31-248 

112* 33 

^4" 

56 

“■"1 

78 

Hit 

•‘JO 

b 0 

31 )t») 

.11 i/J 


31 810 

31 02 ^ 

.52-056 

W U9 

\2 2t2 

32 170 

" 2144 

45 

57 

ts 

79 

9® 

(•u 

6 7 

3- «'»<.> 

>3 (304 

i2 71-8 32 855 

3394X1 53063' 55 178 

il .U 40''* 

31 524 

12 23 35 

4<> 

S« 

ti} 

El 

Of 

(C4 

0 b 

; 33 MO 

3575b 

33 873 

35-989 

i4 lt>0 

J4-33 5 

34 540 

,?4 4S7 

14 n 74 


12 23 55147 

59 

70 

82 


loS 

5 8 

' 54’8 io 

34-92'S 

J5 04b; j 5 ">5 

35 3S4135 403 

j 5 522 

15641 

51-700 

55 hMj 

12 44 3<> 

4-S 

6(> 

71 

8.1 

<i5 

107 

60 

’ ^0 otx.» 

5b 1.-0 

30-340:36 561 

56 4S2 1 36 603 

56-724 

}b S45 ; 56-960 

57 > 

12 24361 48 

61 

73 

85 

9- 

109 

6 1 

i 37 .'lo 

17 .i U 

r 15-1 

57 577 

37 7001 57 825 

37 9411 

58-0(19 

38 192 

38 I'o 

1 2 25.37 ■ 49 

62 

74 


qH 

111 

92 

i 3 -14 ' 

3S 504 

fjJSS 

l-i 8l 1 

3895S 

uf>3 ■ iO ISS 

39 313 

39 45-8 

39 564 

132s 38 

50 

61 

7.5 

Baa 

irxi 

DR 

6 «k 

j jy (300 

3'i hib 

39 943 

4 U O(j 0 

45) 190 40 3?3 

40 450 

40-577 

40704 

40 8 52 

13*538151 

64 

'O 1 8v 

■ or 


6 4 j| 40 

41 

41 

41345 

41474 

41 

41 732 

41 861 

41 990 I 4i J40 

13*6 39 

52 

65 

77 

90 

103 

116 

«« 

. 4^ 250 

43-380,43 510 

43 (>41 

4^ 77i 

43 903 

43 634 

43 'bS 

43-296 

43428 

<3 16 39 

5* 

f>6 

70 

92 

ICi 

118 

B H {, 43 

43*602 

4J 1 

4 » 

44 «.*C)0 

44225 

44-356 

44 4HO 1 44 1 44 7 <0 

«3 27 401 51 

67 

Ho 

93 

10(1 

1 20 

6 7 |l 44 Soo 

45-034 

45 '58'45 39; 

45 438 

45 363 

45 69.S 

45835 

45 96H‘4ft i'»4 

14 ^7 4J > S4 

r)H 

81 

95 

tO'\ 

122 

B-8 {! 40 44U 

4b 37b 46513 

46-649 

40 786 

46 923 

47 o6fi 

47 197 

47 334 

47 4r-. 

<4 2741 

55 

69 

S2 

90 

J K) 

'-3 

6-0 |{ 47-Mo 

47 748 1 47 8Kb 

48 035 

48 164 

48 303 

48 442 

48-581 

48-720 

48 8<aj 

14 26-42 

56 

70 

83 

97 

1 1; 

125 

1? 

4Q‘O00 

49-140.49-380 

49-431 

49 562 

4970J 

49 S44 

4998s 

50-126 

50 268 

14 *842 

56 

71 

«s 


"3 

127 

71 

SO 410 

50 553 

50694 

50 8 57 

50 <j.So 

S' '23 

51 2th 

51-409 

51-552 

SI 696 

14 2943 

57 

72 

86 

ICO 

1 (4 

129 

72 

51*840 

51 9S4; 53-128 

S3 273 

53 4i8 

52-563 

52 ros 

52853 

52 998 

53144 

15 2944 

S8 

73 

87 

102 

1 in 

111 

7-8 

S3‘30o 

S3 45b 

51-583 

S3 739 

55876 

54023 

54 170 

54-317 

54 464 

54612 

IS 2944 

59 

74 

88 

103 

IIS 

'1* 

74 

54 700 

54-908 

55-056 

55 205 

55 354 

55 503 

55-652 

55801 

55 950 

56-100 

153045 

to 

75 

89 1 IU4 

I'g 

134 

75 

3b 330 

56*400 J 50*550 

Sb-701 

56 852 

57 003 

57'S4 

57-305 

57 456 

57 608 

153045 

60 

76 

9* 

106 

I2J 

136 

76 

57 700 

57 912 

56 OO4 

58 317 

58 370 

58 523 

58-676 

58-829 

58-982 

59-136 

153146 

61 

77 

92 

lv»' 

(32 

138 

77 

5939c 

59 444'59-598 

59 75 5 

59 908 

60063 

te-2i8 

^375 

60 528 

60 684 

16 31 47 

t>2 

7.8 


1.19 

124 

140 

78 

. Oo 840 

(xigob, 01 153 

Ol 

(•1 4O6 

61 623 

61 780 

61 937 

62-094 

62 252 

16 31 47 

63 

79 

94 

1 10 

rna 

lEQ 

tu 


62-568 ‘ 62-736 

62 885 

03044 

63 203 

63 362 

63 521 

63-680 

63 8^0 

16 3248 

64 

'80 

95 

III 

m 

m 

80 

64 CfOO 

64 100 

64 520 

64 481 

<34 644 

64*803 

64-964 

65-125 

65-286 

65 448 

16 32 48 

64 

81 

97 

113 

129 

■45 

8 1 


65 773 

65-954 

66 097 

6u 260 

66 423 

66 586 

66-749 

66 912 

67 076 

163349 

65 

82 

98 1114 

130 

•47 

82 


07 404 i 67 568 

67 73 5 

67 898 

68 063 

68-228 

68 393 

68 558 

68-724 

'7 33 50 

66 

«3 

99 

116 

■3* 

149 

83 

68 8go 

69 05b! 69-3*3 

69-589 

69-556 

69723 

69 890 

70057 

70-224 

70-392 

17 33 SO 

67 

84 loo 

"7 

1.14 

ISO 

8-4 

70 Sbo 

70-7*8 

70896 

71-065 

71-234 

7' 403 

72 572 

71 741 

71*910 

72 080 

17 34 51 

68 

85 JOI 

118 

13s 

152 

85 

7**50 

73 4*0 i 72 59^' 

72 761 

72932 

73-103 

71 274 

73 445 

73 616 

71 788 

17 14 51 

68 

86 103 

120 

'.r 

154 

8-6 

yyobo 

74 132 

74 304 

74 477 

74-650 

74 S33 

74996 

75 '69 

75-342 

75 5'6 

>7 35 52 

69 

a? 

l(>4 

121 

1 18 

ts6 

87 

75-690 

75-864 

76-058 

76 21 5 

76 388 

76 563 

76 738 

76913 

77-088 

77 264 

18 55 53 

70 

88 105 

l*M 

I4O 

isH 

8-8 

77 440 

77 61b 

77 793 

77 969 

78 146 

78-335 

78 500 

78 677 

78 «54 

79 032 

'8 55 53 

7' 

Hg iijft 

1-4 

142 

'59 

88 

7Q 210 

79 38S 

79 566 

79-745 

79-934 

80 |u3 

So 282 

80-461 

80 640 

8a 820 

183054 

72 

9(1 107 

125 

Uj 

j6i 

|9‘0.j Hi ooo 

Si iMoi 8H360 

81 541 

81-722 

Si 905 

82 084 

82 265 

82-446 

82-628 

18 36 54 1 7* 

Ql 

loq 

127 

'45 

163 


, 82*810 

82-992'85-174 

«3-3S7 

8 5 540 

85723 

83 900 

84-089 

84 272 

84 456 

18 17 55 

73 

92 110 

/''K 

I 4 h 

165 

8'2 1 .S4 (>40 

84 K34 

8 51-10.8 

85-195 

85 37S 

85 565 

85 748 

8s 9.3 5 

86-118 

8(1 V-M 

19 5; 56 

74 

91 III 

130 

U'' 

167 


K(i 676 

SO S64 

J7 049 

■87-336 

87 423 .'87610 

87 797 

87 984 

88 172 

>9 37 56,75 


'3' 

1 sfi 

108 


88 548 

88736 

88-925 

89-114 

89 103 

89492 

89-681 

89-870 

goobo 

19 38 57 

76 


132 

151 

ITO 

85 

jQfJ-3 50 

00440 

90630 

90-821 

gi‘Oi2 

91-203 

91 394 

91-585 

91-776 

91-968 

19 .18 S 7 j 

76 

96115 

■34 

'll 

173 


1 g3-ibo 

93 JS2 

92-544, 

92-737 

93-930 

93 123 

93 3“> 

93-509 

93-702 

93896 

19 39 58 

77 

97 116 

'35 

' 

174 

•■7 

194-090 

94 284 

94-478 

94673 

94 868 

95063 

95258 

95 453 

95 848 

95-844 

20 19 59 

78 

98 117 

1 17 

1 et % 

1^6 

88 

1 40-040 

qr> 356 

96 433 

96629 

96-826 

97 023 

97*220 

97 417 

97-62 4 

97-812 

20 19150 

79 

99 1 iX 


■i-8 

177 

9 -tf 

1 i>h olO 

9M 20K 

98406 

98 nos 

9H K04 

OQ tKJ3 

9 Q 202 

I- -- - 

99 401 

99 * 64 X 1 

99 800 

20 40 \iO 

ig 




m 




















































































Index 


A 


Batching Plant 

Bats of bricks 

Absorption of sound 

587 

Baulk of timber 

Abutment 

361 

Bay window 

Acoustics 

586 

Bead 

Acoustical plaster 

507 

Bead-pointing 

Aggregates 

536 

Bei’in, R.C.C. beams 

Air borne sound 

586 

—slab floor 

Alumina cement 

537 

—rolled steel 

Aluminium Paint 

519 

—staining 

Anchor piles 

50 

—wooden 

Angle of repose 

108 

Beamless slab 

Arbitrary mix of concrete 

54 3 

Bearing capacity of soils 

Arc welding 

495 

Bearing joints 

Arches 

363 

Bearing piles 

—bond 

366 

Bearing capacity of piles 

—brick 

365 

Bed (natural), of stone 

—centering 

370 

Bee-wax 

—flat 

372 

Bending of bais 

—relieving 

374 

Binders in floors 

—rough 

365 

Bitumen felt 

—segmental 

373 

Bituminous paint 

—skew back 

362 

Black cotton soil 

—stone 

368 

Blisters in plaster 

Asbestos 

471 

Blocking course 

Asbestos cement sheets 

471 

Blowing in plaster 

Ashlar masonry 

203 

Bolts 

Asphalt flooring 

265 

Bond 

Assumptions in R.C.C. design 

419 

—diagonal 

Auditorium, shapes of 

596 

—dutch 

Auger boring 

4 

—English 

—facing 

B 


—flemish 
—garden wall 

Backing of rubble 

240 

—heading 

—of brick 

240 

—herring bone 

—of concrete blocks 

241 

— in piers 

Balanced (strap) footing 

19 

—raking 

Baluster 

272 

—silver locks 

Barge-board 

451 

—stretching 

Barium Plaster 

507 

—zig-zag 

Base of Paints 

519 

Boning rod 

Basement (D>P.C.) 

146 

Boring (wash) 


546 

182 

7 

436 
399 
511 
318 
3 18 
321 
462 
324 
318 
6 
402 
50 
76 
199 
531 
339 
307 
147 
520 
24 
508 
183 
508 
473 
181.213 
221 
221 
213 
220 
210 
219 

219 
221 
224 “ 

220 
222 
212 
222 

38 

2 
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BUILDING OONSTBUOTION 


Bottom rail 424 

Braces 421 

Braced and ledged door 420 

Breast wall 231 

Brick arches 365 

—bonds in 366 

—flooring 259 

—^jack arches 313 

—layer’s tools 229 

—Hogging 246 

—partitions 246 

—piers 225 

—reinforced 246 

—squint 180 

—walls 213 

Bridging joists 302 

Brushes, Paint 526 

Built up gi'dcrs 484 

Bulking of sand 537 

Butt hinges 445 

joints 412 

—weld 495 

Buttress 189 

C 

Caisson 90 

Cantilever slab 334 

Capital 319 

Carborundum stone 263 

Carpenters, tools 414 

Carpentry and joinery 398 

Cast-in-situ pile« 56 

Causes of dampness 142 

Causes of failure of foundations 31 
Cavity walls 158 

Ceiling boards 305 

—beam 305 

Cellulose paints 520 

Cement 

—asbestos 471 

—concrete 534 

—gun 144 

—high alumina, 535 

—Keen’s 506 

—mortar 509 

—paints 521 


—plaster 503 

—water ratio 538 

Centering for arches 370 

—for concrete 552 

Chamfering 398 

Chase mortise joint 410 

Ctiisel 190 

Chrome 3'cllow 518 

Circular cellular cofferdam 87 

Circular stair 277 

Clear j(,5 

Clerestorey window 436 

Closer 183 

—king 183 

—queen 183 

Closed string 280 

Coach screw 473 

Co-efficient of absorption 589 

Cogged joint 403 

Collapsible steel door 431 

Coloured cement 536 

Colour washing 512 

Collar roof 455 

Column R.C.C. 570 

—steel 480 

Combined footings 21 

Common rafer 452 

Compaction piles 52 

Composite masonry 239 

Composite pi les 52 

Composite roof-truss 465 

Concert ha 11 596 

Concrete arches 314 

—cement 534 

—curing 547 

— flooring 261 

—hollow blocks masonry 241 

— mixers 546 

— fineness modulus method 542 

—piles 54 

—properties 538 

—stair 284 

—working stress in concrete 545 

Connectors 416 

Consistency of concrete 544 

Consolidation of concrete 547 

Continuous T-beams 569 
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Copal varnish 527 

Coping 185 

Corbel 189 

Corner window 438 

Cornice 185 

Corrugated sheets 

—asbestos 471 

—C.G.l. 475 

Couple close roof 454 

Course 181 

Coursed rubble masonry 202 

Cover (o Reinforcement 336 

Coverings of roofs 470 

Cramped joint 197 

Crown o f arch 362 

Curing concrete 547 

Cut stone steps 283 

Cut sring of stairs 278 


D 


Dampness *42 

— CO in sc of 142 

—eflccls of 142 

—materials for [145 

Dp mp-Proof courses 145 

Damp-Proofing treatment 147 

— tor pitched roofs 152 

—for flat roofs 147 

Dead load 100 

—for floors 103 

— for roofs 103 

—for structural items 102 

Dead shores 169 

Decibel 586 

Design of beams 325 

—Cone mix 541 

—lintels 377 

-slabs 339 

Depth of foundations 107 

Diagonal bonds 221 

Diminished style 428 

Disc Piles 66 

Distempering 530 

Dog-leggcd stair 275 

Dog-spikes 171 

Doors 413 

—braced 420 

—collapsible 431 


—framed and braced 

421 

—framed and panelled 

423 

—rc\ Giving 

430 

—rolling 

431 

—sash 

424 

—swing 

432 

Dormer window 

437 

Double flemish bond 

216 

Double floors 

307 

Dovetail joint 

405 

Dowel 

197 

Draining-sub-soil 

40 

Dressing of stone 

189 

—tools 

190 

Driers 

315 

Dry rubble masonry 

203 

Du!ability of cone. 

539 

Diitcl) bond 

221 

Dwarf wall 

264 

E 

Farth piessure 

233 

Ea\es 

450 

Eaves board 

451 

Eccentrically loaded footings 

18 

Echo 

587 

Elfcct of dampness 

142 

Eflccti'.c length of columns 

571 

EtTloiescence 

‘508 

Electric welding 

495 

Elliptical arch 

363 

Enamel paints 

521 

English bond 

213 

Equilateral arch 

363 

Excavation of foundations 

39 

Expanded metal lath 

251 

Expansion joint 

550 

External plaster 

505 

Extiados of arch 

361 

F 

Facing 

182 

Failure of foundations 

31 

Fan-light 

435 

Fascia board 

451 

Fender piles 

52 
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Fibre board partition 

591 

Fineness modulus 

542 

Finishing coat 

523 

Fire protection 

580 

Fixtures of doors, windows 

447 

Flagstone fooring 

259 

Flashing of lead 

154 

Flat arches 

372 

—roofs 

465 

—slab 

319 

Flat varnish 

528 

Flemish bond 

216 

Fliars of stairs 

271 

Flight of stairs 

271 

Float, wooden 

507 

—metal 

507 

Floating floor 

593 

Floors, ground 

257 

—asphalt 

265 

—brick 

259 

—cement concret 

261 

—double 

307 

—flagstone 

259 

—floating 

593 

—framed 

310 

—granolithic 

262 

—linoleum 

266 

—mosaic 

264 

—mud 

258 

—^muram 

258 

—R.C.C. 

316 

—Rubber 

266 

—steel joist 

312 

—lerrazzo 

263 

—tiled 

260 

—timber 

264 

Flush door 

428 

—pointing 

510 

Flying shores 

167 

Footings 


—columns 

13 

— concrete 

12 

—inverted arch 

12 

—wall 

11 

—spread 

10 

Form work 

552 

Foundation 

1 

—in black cotton soil 

24 

—combined footings 

21 


—concrete 45 

—depth 107 

—Design of 107 

—excavation in water logged 
sites 39 

—failure 31 

—grillage 15 

—for machine 29 

—pile 50 

—purpose of 1 

—raft 22 

—^setting out 34 

—stepped 28 

Framed floor 310 

—door 421 

Framing joints 410 

French polish 528 

Frequency of vibrations 591 

Fro • 184 

G 

Gable 451 

Galvanised corrugated iron sheets 475 
Gantry 175 

Garden wall bond 219 

Gauged arch 366 

Gcometrica ’ stairs 277 

Glass partitions 242 

Glass block 248 

Glazed doors 424 

Glazing 532 

Glue 522 

Going of step 271 

Grading of aggregate 541 

Grillage foundations 15 

Grooved point ing 511 

Gum 511 

Guniting 144 

Gutter 151 

Gypsum board 593 


H 


Half space landing 

27 6 

Halving joints 

405 

Hammnr 


—face 

189 
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—mash 

189 —rod 

455 

—sledge 

38 Knotting for pa i ng 

522 

Hammer-dressed stone 

191 


Hand-rail 

272 L 


Hunches of arch 

363 


Head of door 

419 Laminated boar d 

429 

Header 

181 Lamp black 

518 

Head room of staircase 

273 Landing, stairs 

271 

Heading bond 

219 Lap joint 

401 

High alumina cement 

Lead flash ings 

153 

Hinges 

445, 447 Leaky roof 

147 

Hip rafter 

452 Lean to roof 

452 

Holdfasts 

419 Ledged braced door 

420 

Hollow block parti tions 

247 Ledges 

419 

Hooks and eye s 

445 Lengthening joints 

399 

Horns of door frames 

419 Lewis 

193 

Housed joint 

405 Lifting tackle 

175 


Lime plaster 

502 

I 

Linoleum flooring 

266 


Lintels 

357 

Improving bearing capacity of soils 9 Litharge 

515 

Insulation of sound 

586 Lithopone 

517 

Integral damp proofing 

144 Load 


Introdos 

361 -dead 

100 

Inverted arches 

13 —distributed 

103, 103 


—eccentric 

18 

J 

—equivalent dead 

105 


—live 

103, 105 

Jack arches 

—wind 

1 06 

—of brick 

3 13 ock-rail 

419 

—of concrete 

314 


Jamb 

419, 184 


Joggle j )ints 

403 M 


Joints in stone maaorury 

196 


—bearing 

402 Machine > undation 

29 

—framing 

410 Mallet 

195 

— lapping 

401 Mandsard roof 

465 

— lengthening 

399 Mason’s tools 

189-190 

-oblique-shouldered joints 

411 Masonry 


—rebated 

411 -brick 

210 

—scarf 

458 —stone 

189 

— tabling 

402 Measurement 


—tenon and mortise 

405 —cement 

548 

—^widening 

411 —coarse aggregate 

541 


—sand 

541 

K 

— sound 

586 


Metal straps 

460 

Key-stone 

362 —cramp 

197 

King closer 

183 -lath 

251 

—post-truss 

453 Mitre 

474 
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iUixing of conerete 

544 

—stud 

25S 

Mortar 


—trussed 

254 

—cement 

512 

Perpend 1 

1>4 

—lime 

IDS 

Pick axe 

38 

—for pointing 

609 

Pier foundation 

27 

Mosaic flooring 

261 

Pigments 

513 

Mullion 

430 

Pilaster 

1S8 

Mud plaster 

603 

Piles 


Moram floors 

258 

—caps 

6» 

w 


—concrete 

64 

IS 


—ccmposite 

63 

Natural bed of stones 

199 

—design of 

78 

Needles 

170 

—driving 

73 

Newel 

273 

—formula 

77 

Nippers 

195 

—foundation 

66 

Nogging of brick 

246 

—pro-stressed 

69 

Nosing 

271 

—steel 

6!) 

Notching joint 

403 

—t imbor 

52 

Nut oil 

518 

—vibro 

0/ 



I’iteh of roof 

456 



Placing of concrete 

546 

Oblique mortise nnd tenon joint 

405 

Plinth 

iHt 

—shouldered joints 

411 

Plinth course 

184 

Oil bound distemper 

631 

Plumb rule 

23 » 

Oil paint 

614 

Plywood 

4.19 

Open newel stair 

27fi 

Pointing 

509 

Open nir theatr? 

696 

Poling boards 

36 

Optimum time of reverbetion 

588 

Polislied surface of stone 

liU 

Oxide of iron 516 


Pojjpy oil 

617 



Post hole auger 

4 

P 


Pre cast hollow blocks 

241 

hainting 

522 

Pre-stressed concrete piles 

62 

ROO 

—t.rushes 

526 

Priming coat 


—damp wall 

526 

Principal rafter 

457 

—wood work 5- 

12 , 524 

Protection of steel from fire 

581 

—iron and steel 

524 

Prussian blue 

518 

—plastered surfaces 

526 

Purlins 


Panes of glass 

420 

Putlogs 

63*'> 

Parapet wall 

185 

Putty 


Parliamentary hingo 

445 

Q 


Partitions 




—A.C. sheets 

252 

Quarry faced stone 

191 

—tirick 

246 

Quarter space landing 

281 

—concrete 

250 

Queen-closers 

183 

—glass 

248 

—post truss 

461 

—hollow 

248 

Quick setting cement 

535 

—lath and plaster 

261 

Quoin, masonry 

184 
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R 


Rfift foundation 

22 

Raftera 

451 

Raftors, common 

452 

—hip 

452 

—jack 

452 

—principal 

457 

—V alh'y 

452 

Kaita, bottom 

424 

—look 

4 23 

RaUinf; bond 

220 

—sboroa 

165 

Rammers 

258 

Random rubble masonry 

201 

Riinhirio’s theory 

233 

Rapid hardening cement 

636 

Raw linsood oil 

517, 521 

Raymond pile 

60 

Remting 

398 

Robat Log for glass panes 

632 

Rt-b'U'-d butt joint 

411 

Red h ad 

616 

Rodection of sound 

58/ 

Roioforced concrete 

t 62 

—beam 

666 

—brick work 

246 

—column 


—flooring 

316 

—footing 

12 

—glas^ partition 

246 

—lintle 

356 

— raft 

22 

—staircase 

284 

Relieving arch 

374 

lieinforement in slabs 

338 

Resonant absorbents 

590 

Retaining wail 

ZOit 

— dry stone 

203 

Reveals 

419 

Reverberations 

587 

Revolving doors 

430 

Ridge 

451 

Ridge board 

461 

Rise of arch 

363 

Rise of roof 

450 

Riser 

271 


Rivets 

481 

Rolled steel joints 

483 

Rolling steel door 

431 

Roof 

450 

—fiat 

466 

—mansard 

46'3 

—pitched 

450 

Roof trusses 

450 

Rough cast finish 

0*li> 

—string 

280 

Rouiih tooled surface 

lUi 

Rubble masonry 

:o;i 

S 

Sabine formula 

•■ea 

Sand 

160 

Sash bar 

433 

babh door 

433 

Scatf ading 

1/2 

Scurliijg joint 

402 

Scissor truss 

•li*5 

Semi-circular arch 

3*1 

Setting out foundations 

34 

Settlement of foundation 

32 

Shapes of arch 38 

362, 364 

Shear in rivets 

483 

Sheet piles 

—concrete 

68 

—pre-stressed 

69 

—steel 

69 

-—wooden 

67 

Shellac 

628 

Shores, dead 

169 

Shoring 

166 

Sill 

184 

Simplex piles 

56 

Single floor 

3U2 

Skewback 

362 

Skylight 

437 

Slaked lime 

602 

Slates, roof 

475 

Sledge hammer 

38 

Sleeper walls 

264 

Sliding door 

428 

Slump teat 

540 

Smooth cast 

505 

Sofiit to arch 

361 
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Sound absorbent 

689 

Sound insulation 

588 

Sources of dampness 

142 

Spalls 

188 

Span of arch 

362 

Spandril 

363 

Spray-painting 

527 

Spread footings 

10 

Springer 

362 

Springing line 

362 

Squint junctions 

228 

Steel team theory 

—joist of floor 

3li 

Steel roof trusjes 

486 

—soaffold 

174 

—seotions 

481 

—piles 

64 

—stair 

284 

—stresses 

—-window 

439 

Stirrups strap 

458 

Stone arch 

184 

liutel 

184 

—masonry 

179 

—stair 

283 

Strau hr- stair 

274 

Straining beam 

461 

Stretcher 

181 

Stretching bond 

219 

Stringer 

278 

String course 

184 

Structural steel work 

481 

Struts 

302 

Btratii ng -herringbone 

304 

Style 

423 

Surlaoe treatment 

145 


•f 


Tabling joint 

402 

T-beom 

668 

Template 

188 

Tension in footings 

20 

Terra-cola 


Terrazo flooring 

263 

Test pit 

2 

Testing capacity of soils 

6 

—slump 

640 


Textured flnish 


Thatched covering 

47& 

Theory ot R.C.C. design 

5C3 

— earth pressure 

233 

Thinuers 

518 

Three centered arch 

363 

Throating 

185 

Through stones 

187 

Tie-beam 

458 

—rod 

4'5 

^’iles 

471 

Tiled floor 

26(1 

Timber flooring 

2t);? 

—partitions 


Timbering of trenches 

36 

Tongued and grooved jo nt 

413 

Tool, brick layer’s 

2:ji» 

—carpenter’s 

415 

—mason’s 

189.190 

—painter’s 

52 i 

—stone-dresser’s 

189-9(1 

Tooled face 

191 

Top tail 

42-2 

Tower bolt 

445 

Tranemts^ion of sound 

Traveller of gantry 

1 /-J 

Traad 

Hi 

'J'ree, distance ct 

36 

Trowel 

260 

Trusses, collar roof 

486, 455 

—couple-close roof 

464 

—composite roof 

465 

—king pest root 

457 

—lean-to roof 


—mansard 

•165 

—queen post 

461 

—scissors roof 

465 

Trussed partition 

264 

Tuck pointing 

511 

Terpentine 

618 

Tusk tenon 

419 

Two-way reinforcement 

318 

U 

Ultramarine blue 

618 

Uncouraed rubble masonry 

201 

Under-coat 

523 
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Under*pijmiiig 

17) Water- eement ratio 

6i 

Unequal aettlement. 

of foundations 32 Water-proofing of oonorete 

M 

V 

Weathered pointing 

5] 


Welded jointe 

4( 

V-grooved pointing 

fill Well foundation 

\ 

Vall^ rafter 

452 Wetting of stones 

2( 

Vamidi 

fiS7 White-washing 

5] 

Vehicle of paint 

515 Widening joints 

4] 

Venetian dmitere 

455 Windload 

11 

Verge 

451 —^pressure 

iC 

Vibrated oonorete 

547 Winders 

21 

Vibro-piles 

57 Windows 

4S 

Voids in aggregates 

545 —bay 

42 

Volume of eonnds 

—clerestorey 

42 

VooBSoirs 

862 —corner 

42 


—dormer 

41 


—lonvred 

42 

Wailings 

86 —steel 

41 

Wall-plate 

165 Wooden floors 

25 

Wall-footingB 

11 —lintels 

3* 

Welle 

246 .—partition 

25 

—^briok 

246 —piles 

5 

—oavity 

158 —stairs 

21 

^.partition 

246 Workability of oonorete 

63( 

—retaining 

250 Working stresses of concrete 

54< 

—atone 

250 


Wash borings 

4 Z 


Wadiable dietempers 

530 


WatergSn oonorete 
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